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F. 

FORTIFICATION. 

PRELIMINARY   OBSERVATIONS.* 

Fortification  is  the  art  both  of  securing  a  military  position  against  surprise,  and 
rendering  it  defensible  by  a  small  number  of  men  against  the  attacks  of  a  larger  body. 
This  is  effected  by  occupying  portions  of  the  ground  to  be  protected  with  works  of 
defence,  making,  at  the  same  time,  every  possible  use  of  the  natural  obstacles  and 
advantages  which  the  position  may  afford. 

Whatever  may  be  the  nature  of  the  ground  to  be  fortified, — whether,  for  instance, 
oecapted  by  a  dockyard,  arsenal,  town,  or  army, — certain  great  principles  which  should 
govern  the  construction  of  all  works  of  defence,  remain  the  same ;  the  degree  to 
which  these  principles  can  be  carried  out,  varying  with  the  time  and  means  available, 
MM  well  as  with  the  skill  of  the  superintending  Officer  in  making  the  most  of  hit  re- 


Tfaese  great  principles  are  as  follows : — 

Ist.  To  afford  cover  or  protection  to  the  defenders  from  the  effects  of  every  de- 
scription  of  fire  which  the  enemy  can  bring  to  bear. 

2nd.  To  arrange  the  works  so  that  the  defenders  may  be  able  to  use  their  weapons 
with  the  fullest  effect  against  the  enemy,  from  the  time  when  he  first  appears  within 
their  range,  up  to  the  moment  of  his  coming  in  contact  with  them. 

3rd.  To  make  the  most  of  every  natural  obstacle  in  the  way  of  the  enemy's  ap- 
proach, and  to  interpose  every  practicable  artificial  one,  in  order  that  he  may  be 
constantly  checked  under  fire ;  taking  care,  on  the  other  hand,  to  remove  everything 
which  might  afford  him  cover  in  his  advance. 

4th.  To  neglect  no  opportunity  of  directing  the  prolongation  of  the  faces  of  the 
works  on  rocky  or  marshy  sites,  where  the  enemy  would  not  be  able  to  place  guns  to 
enfilade  them.  A  due  regard  must  be  also  paid  to  economy  both  of  time  and  material. 

When  works  are  to  be  constructed  to  secure  some  permanently  important  posts,  and 
ample  time  and  means  are  available  for  their  erection,  it  has  been  customary  to  de- 
signate the  branch  of  Fortification  which  treats  of  them  as  "  Permanent  Fortifica- 
tion.'' When,  on  the  contrary,  a  position  requires  to  be  held  only  temporarily,  and 
time  and  means  are  comparatively  restricted,  the  term  employed  is  **  Field  or  Tem- 
ponry  Fortification,"  which  branch  of  the  science  will  now  be  treated  of. — C.  S.  H. 

FIELD    FORTIFICATION. 

"  La  fortification  de  campagse  simple  dont  I'ex^ution  est  ordinairement  confl^  a  TOfficier  qui  est 
eharg^  de  leur  defense,  cette  premise  esp^e  de  fortification  doit  faire  I'^tude  des  Officiers 
d'Infianterie." 

"  La  fortification  de  campagne  compost,  elle  ne  pent  £tre  dirig^  que  par  des  Ing^nieurs,  et  elle 
doit  faire  partie  de  leur  service." 

*  By  Captain  C.  S.  Hutchinson,  R.  E. 
VOL.   II.  A 


2  fortipicXtion,  field. 

7V^fpar<>DNalliidedloBbDTeGipeciBll<r  r«fer»  toworkt  of  the  mott  temportrf 
character,  pnersUf  thrown  up  to  resiit  in  immediate  ittack,  and  eiecuted  with  the 
Pick,  Shovel,  and  Felling-aie,  by  cutting  and  preparing  the  meini  found  on  the  ipoL 
Any  Officer  in  the  lerrice  ma;  be  placed  in  a  poiitioD  to  require  the  knowledge  ne- 
eeisary  for  thij  porpoge. 

The  lecondpart  includes  thoae  works  nhich  require  taore  amngement,  the  calcu- 
lation of  time  and  material),  and  the  meana  of  obtaining  retources  within  a  limited 
diitance ;  to  which  some  of  the  principles  of  Pennaueat  Fortification  are  applied,  and 
which  moat  general!;  be  executed  with  contiderable  care,  in  order  to  last  for  a  mode- 
rate ipace  of  time,  and  reaist  the  effects  of  the  changes  of  weather. 

The  latter  part  will  be  first  treated  of  j  and  to  render  the  remarks  aa  conciae  aa 
poadhle,  and  avoid  repetition,  thoae  aubjecta  which  have  been  noticed  in  other  parta 
of  the*Aide-M^maire' willbeeipreaaed  in  capitals  aa,  ABAms,  BLOCKBOoai,  dau, 
etc.,  to  which  reference  moat  be  made  for  detula. 

PART  I. — SECTION   I." 

In  the  following  article,  the  usual  methoda  of  arranging  works  in  the  field  to  can? 
nut  the  prindplea  of  defence,  enumerated  in  the  preliminary  remarks,  viU  now  be 
explained. — 

To  aSbrd  protection  to  the  defenders  of  a  work  from  the  eSects  of  alt  kinds  of  fire 
which  an  enemy  can  bring  to  bear  upon  it,  it  must  be  first  considered  what  weapons 
an  enemy  woold  usually  have  at  his  commend  in  tbe  field.  These  will  consist  of 
Artillery,  very  rarely  heavier  than  18-pauaders,  and  seldom  exceeding  12-paundeis, 
the  rifle,  iDtuket,  and  the  rocket.  Moitan  being  never,  as  a  general  rule,  carried  by 
armiea  in  the  field,  the  defenders  of  a  field-woik  will  not  have  any  vertical  fire  to 
dread,  and  will  only  need  protection  from  fire  proceeding  in  a  horizontal  or  nearly  ho- 
riiontal  direction. 

The  moat  usual  way  of  obtaining  this  is,  to  dig  a  ditch  and  throw  up  the  earth  as  a 
par^Mt  or  breastwork  between  the  defenders  and  the  enemy.  This  parapet  is  some- 
times constructed  without  reference  to  form,  the  earth  being  merely  thrown  into  a 
heap,  and  called  an  Epaulement  (see  PI.  A,  fig.  a) ;  and  sometimes  in  one  of  the  forms 
given  (PL  I.  Gga.  5,  6),  or  in  PI.  A,  G^  i,  which  shows  the  profile  or  tranavene 
..^ 'aparapet,  of  tbe  ordinary  conatmction,  on  level  ground;  the  names  of  the 
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The  neeenary  dimeiitions  and  slopes  for  the  Tsrious  lines  fbnning  the  profile  will 
now  be  considered. 

1st.  With  regard  to  C  D,  the  command.  This  must  be  determined  with  reference 
to  the  height  of  the  men  who  are  to  stand  in  the  interior  of  the  work  on  the  level 
A  K.  and  to  the  position  of  the  enemy  outside.  Assuming  6  feet  as  that  of  the 
former,  it  might  be  argued  that,  if  the  enemy  cannot  fire  into  the  work  from  a  higher 
level  than  C,  by  making  CD  6  feet,  the  requisite  protection  would  be  afforded. 
This  howerer  would  not  be  the  case,  as  a  shot  always  drops  in  its  fiight  when  ap- 
proaching the  end  of  its  range,  and  therefore,  though  a  man  standing  at  K  might  be 
just  protected,  another  standing  a  few  yards  further  back  would  be  in  some  degree 
txpoaed ;  and  if  the  work  were  so  formed,  as  to  have  another  parapet  as  in  PI.  A, 
fig.  e,  the  men  standing  on  its  banquette  would  be  completely  exposed  to  the 
enemy's  reverse  fire.  Another  reason  why  6  feet  is  an  inefficient  command  for  a 
parapet  on  level  ground  is,  that  C,  the  interior  crest,  being  a  sharp  angle,  is  very 
liable  to  be  injured ;  and  it  would  be  very  inexpedient  to  make  a  new  work,  such 
that  a  heavy  storm,  or  the  first  few  rounds  of  shot,  might  expose  a  considerable  por- 
tion  of  its  interior. 

If  the  enemy  can  occupy  any  neighboaring  heights  which  command  the  ground  to 
be  occupied  by  the  work,  the  parapet  in  this  case  must  be  considerably  raised,  as 
appears  evident  by  referring  to  fig.  c.  It  is  not  considered  advisable,  for  reasons 
that  will  be  mentioned  hereafter,  to  raise  the  parapets  of  field-works  to  a  greater 
height  than  12  feet ;  and  from  7  feet  to  12  feet  may  be  therefore  considered  as  the 
onEnary  limits  vrithin  which  the  command  of  field-works  should  be  kept.  In  cases 
where  very  rapid  cover  is  wanted,  a  parapet  may  be  constructed  vrith  a  command  of 
only  5  feet ;  protection  being  obtained  by  sinking  a  trench  behind  the  banquette,  to 
the  depth  of  1  foot  6  inches,  or  2  feet. — Of  course  the  interior  of  the  work,  excepting 
the  trench,  is  in  this  case  exposed  (see  PI.  A,  fig.  d).  Works  on  the  summits  of  hills 
higher  than  any  surrounding  ground  within  range,  may  also  be  constructed  with 
lower  parapets  than  7  feet,  without  danger  of  the  interior  being  exposed. 

2nd.  As  regards  the  thickness  of  the  parapet  D  U  (Fig.  6,  PI.  A),  this  depends 
for  its  minimum  upon  the  nature  of  the  projectile  the  enemy  may  have  it  in  his  power 
to  bring  to  bear  upon  the  work,  and  should  be  so  regulated  that  the  ball  may  not  be 
able  to  penetrate  more  than  about  two-thirds  of  it.  The  penetration  of  projectiles 
into  dog-up  well-rammed  earth  is  as  follows : — 

Weapon.  Penetration, 

Musket        ....  1  foot  6  inches. 

3  feet  6  inches  to    4  feet  6  inches. 
6    »»    6      „  7    „    6      „ 

8    „    6      „  10    „    0      „ 

11    „    6      „  13    „    0       „ 

The  minimum  thicknesses  would  therefore  be  about  as  follows  :— 

Weqifon,  Minimum  thicknettjbr  securiiy. 

Musket 3  feet. 

6-pounder 6    „ 

9-pounder 9    „ 

12-pounder 14    „ 

18  and  24-poiinders 18    „ 

These  dimensions  apply  to  earth  of  an  ordinary  tenacity.     With  light  sandy  or 
gravelly  soil,  a  greater  minimum  thickness  ought  to  be  allowed. 

If  more  time  and  labour  are  available  than  requisite  to  form  a  parapet  of  the  mi- 
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ninmiD  Aieknui  required,  there  can  be  no  rea*on,  provided  the  poaition  idmita  of  it, 
for  not  msterially  iacreaiiDg  this  thiekneu;  u  a  wider  or  deeper  ditch  majr  thereby 
be  procured. 

The  auperior  ilope  C  E  ii  uaiuUf  made  from  ^  to  ^  (i. <.  CT^^to^TE).  It 
ahould  be  ao  directed  Ibit  the  fire  of  the  parapet  ma;  be  delivered  about  2  feet  abore 
0  if  there  be  no  gluia,  or  2  feet  above  P  if  there  be  one.  It  ahould  be  kept  u 
geutle  u  pouibte,  eaniiatcnC  with  theae  conditiona,  to  avoid  weakeaing  more  than 
abiolutelf  ueceasary  the  creit  C.  ' 

The  exterior  ilope  E  P  ii  left  to  auume  that  Datuial  to  excavated  earth )  aver*- 
ging  45°. 

The  interior  *tope  C  G  or  C  C  ii  made  ateep,  uanall}'  vrith  a  baie  of  about  a  quarter 
its  height,  to  enable  the  loldier  to  gel  close  to  the  creit  in  firing.  To  retain  it  at 
thia  ilope  it  will  require  revetting.  Thii  maj  be  done  with  aoda,  faidnea.  gabions, 
aand-bagi,  burdlei,  caaki,  planka.  jic,  aa  may  be  moat  readilf  pri>cur«ble. 

To  obtain  muaketry  fire  from  the  parapet  (that  of  artillery  will  be  explained  fur- 
ther on),  the  banquette  or  foot-bank  K  H  G  ia  raiaed  up,  Ita  depth  below  the  creit 
ii  arranged  so  u  to  enable  a  abort  man  to  Sre  down  the  auperior  alope  irith  facility, 
■nd  therefore  dependa  upon  the  ileepneu  of  thit  alope  ai  well  ai  on  that  of  the  inte- 
rior alope. 

for  a  auperior  alopa  of  ),  and  interior  atope  of  f,  the  depth  may  be  auumed  at 
i'  3", — becoming  teaa  aa  the  ateepneaa  of  the  former  increasea  and  that  of  the  latter 
.  diminiahea.  The  width  of  the  tread  H  G  ii  made  41  feet  or  3  feet,  according  aa  it 
may  be  neceuary  to  arrange  for  a  double  or  aiogle  rank  of  men  occupying  it  at  the 
ume  time.  It  ahould  have  a  alope  to  the  rear  of  1  inah  or  I^  inch  to  the  foot,  to 
keep  it  dry. 

The  alope  of  the  banquette  H  K  ia  made  gentle,  about  i,  to  enable  the  men  to 
deacend  and  aacend  irith  facility  before  and  after  loading.  In  caae  the  command  of 
the  parapet  ia  considerable,  atepa  should  be  aiibstituted  for  the  alope,  whereby  teaa 
interior  apace  will  be  taken  up.  These  atepa  may  have  a  rise  of  9  inches  to  1  foot, 
and  a  tread  of  1  foot  to  1  foot  6  inches,  with  a  alight  slope  to  the  rear.  It  is  often 
deunble,  where  the  interior  apace  is  conaiderabte,  and  command  great,  to  leave  a 
second  banquette  between  the  flrat  one  and  the  ground,  about  7  feet  below  the  creat, 
tipon  which  the  men  m^  load  (see  PL  A,  fig.  e). 

to  the  exterior  of  the  parapet  the  berm  t  L  occura.    This  space  is 
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1ft.  With  regard  to  depth :  ai  a  general  rule,  this  ihoald  not  be  lata  than  6  feet, 
nor  more  than  12  feet.  If  less  than  6  feet,  hardly  any  ohstade  wonld  be  afforded 
by  the  ditch  to  an  adTancing  enemy.  If  more  than  12  feet,  the  labour  of  excavation 
becomes  very  great  unless  machinery  is  introduced,  and  this  would  be  seldom  avail- 
able in  the  field ;  and  the  slopes  of  the  escarp  and  counterscarp  (unless  in  exceed- 
ingly stiff  soils)  would  not  be  found  to  stand  for  any  length  of  time  without  the 
introduction  of  some  artificial  revetment,  such  as  planking,  hurdles,  &c.,  a  supply  of 
which  would  not  be  usually  attainable. 

2nd.  With  regard  to  breadth :  thU  should  not,  if  possible,  be  less  than  9  or  10  feet 
at  the  top,  to  prevent  it  being  euily  jumped  across  or  bridged  over. 

The  slopes  of  the  escarp  and  counterscarp  must  be  determined  vrith  reference  to 
the  tenacity  of  the  soil,  the  length  of  time  for  which  the  work  vrill  probably  be  re- 
quired, and  whether  during  this  time  it  is  likely  to  be  exposed  to  heavy  rains  and 
shnrp  frosts.  The  counterscarp  may  be  left  steeper  than  the  escarp  from  not  having 
the  pressure  of  the  parapet  to  support,  and  also  from  not  being  exposed  to  the 
enemy's  fire.  The  slope  of  the  escarp  may  vary  from  i  to  ) ;  that  of  the  counter- 
scarp from  ^  to  |. 

To  obtain  the  size  of  the  ditch,  such  that  it  may  supply  the  requisite  earth  for  the 
parapet,  the  area  of  the  profile  of  the  latter  must  be  calculated,  it  having  been  first 
constructed  to  fulfil  the  requisite  conditions.    Let  A  »  the  area  thus  obtained,  d  ■* 

depth  of  ditch,  w  »  width  at  top,  -  =»  base  of  sbpe  of  escarp,  —  =  base  of  slope  of 

e  c 

counterscarp,  then  d  x  fw^- 5-  j  =  A. 

Either  dorw  may  then  be  assumed,  within  the  limits  above  mentioned,  and  wot  d 
obtained.  If  by  the  value  assigned  to  <f,  even  if  made  equal  to  its  minimum,  6  feet, 
w  becomes  less  than  9  feet  (a  case  that  would  generally  occur  in  works  of  small  com- 
mand, constructed  as  in  fig.  <f,  where  a  portion  of  the  parapet  is  formed  by  the  earth 
from  the  rear  trench),  the  escarp  and  counterscarp  should  be  brought  to  meet  in  a 
point,  and  the  equation  will  then  become 


(M)-*. 


A  being  now  the  excess  in  area  of  the  profile  of  the  parapA  over  that  of  the  rear 
trench. 

In  calculating  as  above,  no  regard  has  been  had  to  the  increased  bulk  which  all 
earth,  when  excavated,  unless  excessively  well  rammed,  will  occupy;  nor  is  it  in 
general  necessary  to  do  so,  seeing  that  the  excess  will  generally  be  disposable  for  tbe 
formation  of  traverses  and  barbettes.  It  must  be  also  remembered  that  tbe  form  of 
the  work  on  plan  has  not  been  taken  into  account ;  it  being  evident  that  wherever  a 
aalient  angle  occurs,  there  will  be  a  surplus  of  earth,  and  a  deficiency  at  a  re-entering 
angle.  This  may  be  met  in  practice  by  diminishing  or  increasing  the  depth  or  width 
of  the  ditch,  at  those  points  where  the  excess  or  deficiency  is  met  with.* 

A  glacis  O  P  Q  becomes  necessary  when  the  prolongation  of  the  superior  slope  C  E 

*  The  equation  which  espreMe*  •trictly  the  relation  between  the  Tolame  of  the  parapet  and  that 

of  the  ditch  ia  as  follows : — Let  A  =  area  of  profile  of  parapet,  D  =  that  of  ditch,  ^  =r  increase  of 
Tf^ume  of  the  ezcarated  earth,  ff  =  length  of  path  of  centre  of  grarity  generated  bj  the  motion 
of  the  parapet  along  the  interior  crest,  g*  =  the  same  line  with  reference  to  profile  of  ditch,  then 
Cby  Goldinus's  property  of  the  centre  of  gravity) 

/^.  A,  and  m,  being  known,  and  the  width  of  the  ditch  assumed,  g*  may  be  measured  and  the  depth 
obtained. 
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Mb  more  tti«n  2  or  3  feet  aboTe  O,  end  when  coiueqnestlj  en  enemj  uriviDg  at  this 
point,  where  he  reoeivei  i  ciMck  in  tat  kdiince,  would,  nithout  a  glacii,  be  ilnuNt  under 
cover  fiom  the  direct  fireof  the  worli.  The  command  PVof  the  gladi  miut  there- 
fore be  inch  m  to  admit  of  the  fire  of  the  parapet  paaung  2  or  3  feet  above  P,  care 
bong  at  the  uune  time  taken  to  keep  the  point  P  at  teaat  6  feet  below  a  plane  paaaing 
through  C  and  parallel  to  the  plane  of  aite  of  the  work,  lo  that  its  interior  may  not 
be  commanded  from  the  creit  of  the  glacis.  The  interior  alope  O  P  ii  left  at  the 
natiiral  ilape  of  the  earth  45° ;  the  glope  P  Q  ma;  have  the  aame  inclination  aa  the 
anperior  slope  of  the  parapet,  or  a  more  gentle  one.  In  caae  of  a  gladi  being  em- 
ployed, the  area  of  iti  profile  miut  be  added  lo  that  of  tbe  profile  of  the  parapet,  to 
obtain  the  conreaponding  area  of  the  profile  of  the  ditch. 

HaTing  thua  diacoated  the  normal  conditioni  which  ihonld  be  attended  to  in  the 
formation  of  tbe  profilea  of  Beld-worka,  the  general  principle)  wbich  goTern  their 
trace  will  now  be  conudered,  premiung  theae  remaiki  (ai  in  thoae  on  profilea)  by 
■ome  deSnitioDi. 

Plait  A.fy.f.—V.  GACE,  FDBKL,  representi  the  trace  of  the  interior  crot 
of  part  of  *  baitioned  fort  (thit  trace  being  employed  as  embodying  moit  of  the  teimi 
in  general  uie). 

AG,  AC,  Faceiof  thehaition.  CEP,  Re-enteiiag  angle  (and  in  thia 

G  H,  C  E,  Tlanki.  caie  angle  of  the  Oank). 

E  F,  Curtain.  .  A  F  D,  Angle  of  defence. 

H  G  A  C  E,  Baition.  ACE,  Angle  of  the  ihoulder. 

A  C  B  F  D  B,  Butioned  front.  A  B,  Exterior  aide  of  the  polygon. 

M  N  O,  Ravelin.  P  Q,  Interior  aide  of  tbe  polygon. 

0  A  C,  Salient  angle.  R  S,  Perpendicular. 

A  F,  Line  of  defence. 

C.  3.  H. 

Tbe  common  mode  of  conatmcting  a  baationed  front  ia  to  make  R  8  ^  |,  ^,  or  ^ 
of  A  B,  according  u  the  polygon  ii  a  iquare,  pentagon,  or  greater  polygon ;  join  A  S, 
B  S ;  make  A  C  and  D  B  each  =  f  or  }  A  B ;  draw  C  E,  D  F,  at  right  anglei  to  B  E  and 
A  F  reipectiTely,  and  join  G  F  (Plate  A,  t.g.f). 

\  demihMtion  the  outline 
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SBCnON  III. — OBNSRAL  PB1NCIPLB8.* 

c.  The  extent  should  be  in  proportioii  to  the  number  of  men  aisigned  to  the  de- 
fence. 

b.  The  approaches  should  be  well  seen,  and,  if  possible,  taken  in  flank  (see  flg.  63, 
PL  IX.) ;  and  all  obstacles  forming  part  of  the  defence  should  be  within  200  yards, 
for  musketry  ftre,t  and  500  for  field-pieces. 

c.  The  salients,  when  possible,  should  be  thrown  into  inaccessible  hollows,  marshes, 
or  rif  ers,  if  not  flanked  by  a  cross-fire,  as  explained  in  paragraph  b. 

d.  Flank  defence  for  the  security  of  the  ditch  is  rarely  applicable  to  this  descrip- 
tion of  field  fortification,  for  want  of  depth  of  profile  or  sufilcient  relief  to  secure 
those  men  who  line  the  parapets  from  destruction  from  the  fire  of  the  collateral 
flanks,  or  works,  if  detached :  hence  all  auxiliary  protection,  as  palisaobs,  ABATna, 
or  CHBTAUX  DB  FRI8B  (scc  PUtcs  VIII.  Bud  XIV.  figs.  54,  55,  94,  and  95).  should 
be  seen  from  the  parapet  of  the  work  they  are  intended  to  protect,  and  consequently 
ditches  should  be  considered  as  the  d^bUH  only,  or  means  of  furnishing  the  requisite 
quantity  of  earth  for  the  parapets,  banquette,  and  glacis. 

e.  Hence  the  ditch  of  a  field-work  is  no  security  and  rarely  much  obstacle. 

/.  Musketry  or  rifle  fire  is  the  legitimate  defence ;  and  the  point  to  be  gained  is  to 
keq)  the  attacking  force  under  it,  either  from  frt>nt  or  flank ;  a  detention  of  a  few 
minutes  being  sufiicient  in  most  cases. 

g.  Artillery  seldom  forms  part  of  the  defence  of  this  description  of  field  fortifica- 
tion ;  the  work  is  generally  to  cover  and  secure  the  artillery,  principally  frt>m  cavalry; 
the  field-pieces  being  planted  for  some  especial  purpose,  as  in  fig.  63  (see  also 
*  Battbrt,'  Sect.  XIII.). 

A.  Field-works  seldom  stand  alone ;  they  generally  form  a  system  of  defence,  sap- 
ported  by  troops ;  when  isolated,  they  should  be  constructed  with  care. 

k.  All  field-works  should  be  fortified  outwardly,  making  the  interior  slope  of  the 
parapet  the  trace  of  the  work ;  otherwise  the  area  within  will  be  frequently  found  too 
confined. 

L  The  available  interior  space  should  not  be  less  than  20  square  feet  per  man, 
within  the  banquette,  and  220  square  feet  for  each  field-piece. t 

m.  Time,  though  not  of  primary  importance,  is  essential  to  the  professional  Ofllcer, 
to  avoid  attempting  beyond  his  means,  and  the  object  of  the  works  to  be  con- 
structed. 

n.  In  the  execution  of  a  work,  sufficient  command  should  be  given  to  the  profile ; 
so  that  an  enemy  outside,  on  the  crest  of  the  ditch  or  glacis,  should  not  see  into  the 
works.  § 

o.  With  the  above  precautions  and  those  given  in  page  1,  the  shape  of  the  work 
is  of  no  consequence,  provided  it  is  adapted  to  the  ground,  object  in  view,  and  time 
necessary  in  construction ;  and  the  several  diagrams  are  given  in  Plates  IX.  to  XIII. 
to  assist  the  Officer  in  the  hurried  moments  of  execution. 

SECTION  IV. — ^DESCRIPTION  OF   FIELD-WORKS. 

X.  a.  Redans. — Figs.  64,  65,  and  68,  serve  for  the  security  of  advanced  posts,  or 

couvre-portes  to  works  and  buildings,  and  they  are  sometimes  termed  fleches ;  when 

*  Bj  Major-Genenl  Lewis,  C.B.,  R.E. 

t  The  range  of  the  modern  rifle  may  be  taken  m  equal  to  that  of  field-pieces. — Eo. 

%  See  page  2/,  on  '  GASBisoNa.*  ^  See  also  page  3,  for  further  reasoai. 
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the;  h**e  Otnka,  u  in  Bg.  64>  they  are  oiled  lunMtei :  thcM  worfci  ue  only  nted 
wben  mpported  by  otken. 

i.  SedotAli  ire  eocloMd  work),  withovt  Btnk  defence:  when  conftraeted  with 
Ibnk*,  thej  are  called  fort*.  Redanhu,  ai  in  fig.  6i,  67,  68,  ud  69,  mtj  be  either 
■qoare,  drcular,  or  poljgonaL 

e.  Square  Jttdoail*  thonld  not  have  Iheir  iaierior  lide  leu  than  60  feet ;  bnt  if 
len  than  100,  there  ii  not  luSdeat  ipace  for  ■  merre  for  the  defence.  A  bloce- 
HODBK,  or  DBf  iNHiBLK  ouAKDBODSK,  ji  the  bell  iDpport  to  >  iquue,  with  the  (idn 
placed  oppoiite  the  aalienti,  ai  in  fig.  67.  In  connection  with  other  work*  the;  are 
frequently  arranged  ai  in  6g.  64. 

(f.  Cinidar  Redanblt  are  rarely  conatmcted,  but  flg.  68  ii  a  notable  example  of 
their  atility,  taken  from  ■  French  work  on  the  hanki  of  the  Zezere  Rirer,  in 
PortngaL 

t.  Pafyj/mal  BrdoubU  are  mott  convenieDt  for  endoMd  worlu  without  flank 
defencei,  m  they  can  be  anitcd  to  the  contour  of  the  ground,  and  they  afford  more 
interior  apace :  fig.  69  ia  an  eiample,  with  an  inner  work  to  aerre  aa  a  keep. 

/.  Pitld  Forli  conuit  of  ttar  forti,  baition  forta,  and  polygonal,  with  re-entering 
•nglei  en  ItnaiBe. 

g.  Star  Fort*. — The  conitraetion  of  thcM  intolve*  much  trouble,  and  they  are 
rarely  applicable  to  temporary  worki :  when  uaed,  they  aboold  not  be  conatmcted 
upon  a  polygon  whoie  aides  are  leu  than  1 00  feet  or  more  than  200  feet    Theae   , 
wnrka  are  eapedally  adapted  to  iaolited  ipoU  (aee  fig.  66).* 

k.  BattiiM  Fort*  are  not  well  calenlated  for  field-worka,  and,  when  conatmcted, 
the  danki  ahonld  hare  at  leait  an  opening  of  100°  with  the  line  of  defence.  They 
are  beat  applied  at  tbtk-pd-pont,  for  the  coiutruction  of  bution  forts  is  ^fficolt; 
requiring  exterior  revetmenti,  there  it  lott  of  apace,  and  tbey  are  not  easily  adapted 
to  the  ground. 

1.  Polggoiud  Porli  will  be  found  applicable  in  preference  to  any  nicely  conatnided 
work  analogous  to  Permanent  Works.  Polygonal  forts  are  generiUy  tuited  to  the 
ground  (tee  figa.  70  to  73,  and  84).  Hg.  71  ia  a  trace  of  a  work  constructed  and 
defended  by  the  Biitith  troopt  in  1791,  the  ctfiture  of  which  led  to  the  evacuation 
of  Toulon. 

k.  ^MtJtmtnti  for  cavalry  and  connecting  other  workt,  as  in  fig.  64,  are  con- 
structed in  open  pitdnt,  where  there  it  no  irregularity  of  ground  U>  cover  cavalry,  to 
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SBCnON  TI. — TIMB  EBQUIRXD  TO  BXECUTB  FIELD- WOEKS,  DIBTUBUTION  OF  THB 
WORKMEN,  AND  NUMBER  OF  MEN  NB0B88ART  FOR  THE  DBFENCE,  A8  AP- 
PLICABLE TO   PART  I. 

a.  Time  reipured, — Knd  the  number  of  cubic  yards  in  the  ditch  or  ground  to  be 
excATated,  and  divide  the  amount  by  the  number  of  shovels  to  be  employed,  which 
vrill  give  the  number  of  hours, — the  nature  of  the  soil  giving  the  number  of  shovela 
required.  For  the  sandy  soils,  three-fourths  will  require  shovels ;  in  clay,  two-thirds ; 
and  in  hard  gravelly  soil,  one-third  of  shovels  is  necessary  in  the  excavation.  A 
reserve  of  tools  should  always  be  provided  in  the  event  of  the  ground  changing 
after  the  surface  is  removed,  but  with  a  crow-bar  the  soil  may  be  pretty  accurately 
ascertained. 

b.  Distribution  qf  Workmen, — Divide  the  length  in  feet  of  the  centre  of  the  ditch 
of  a  given  work  by  4,  and  it  will  leave  the  number  of  workmen  to  be  employed  in 
the  first  TOW,  and  half  that  number  for  the  second  row ;  and  the  first  number  again 
to  adjust  the  earth  and  revet  the  parapet :  if  the  ditch  is  narrow,  only  one  row  will 
be  requisite. 

Exan^e:  Suppose  the  ditch  is  120  feet,  which  divide  by  4, — gives 

30  for  the  first  row, 
15  for  the  second, 
30  for  the  parapets, 

75  total  number  of  men  to  be  employed. 

c.  Number  of  Men' fir  the  Drfenee  of  a  Work, — First,  if  open,  or  supported  by 
collRteral  works,  give  2  men  for  each  linear  yard  of  interior  of  parapet.  Secondly, 
if  isolated,  give  2  men  +  ^  for  a  reserve,  provided  the  work  has  not  less  than  160 
yards  of  parapet*  If  isolated,  and  of  less  capacity,  it  is  presumed  that  it  can  only 
be  partially  attacked.t 

The  men  for  defence  should  have  the  front  rank  placed  on  the  banquette,  and  the 
second  behind  on  the  terreplein  of  the  work,  to  load :  if  the  men  are  allowed  to  step 
up  on  the  banquette  and  fire,  they  will  do  so  at  random. 

SECTION  YII. — TRACE,   PROFILE,   AND    CONSTRUCTION   OF    FIELD-WORKS. 

a.  Trace, — Previous  to  this  operation,  it  will  be  found  convenient,  and  eventually 
a  saving  of  time,  if  the  project  of  defence  is  put  on  paper  by  the  Engineer,  and  sub- 
mitted to  the  Officer  commanding  the  troops,  to  obtain  his  signature,  if  approved ; 
for  works  treated  of  in  this  Part  of  Field  Fortification  should  be  duly  considered. 
This  preliminary  being  settled,  and  the  tools  collected,  the  following  articles  vdll  be 
necessary  for  tracing  the  work : — 


Hambro'  lines. 

Pickete,  18"  long. 

Mallets. 

10-feet  rods. 

Mason's  levels  and  bob. 


Bevels  adapted  to  the  slopes  of  pa- 
rapets. 
A  straight-edge. 

Two  short  lengths  of  scaling  ladders. 
Profile  stuff. 


The  last  should  be  made  from  3-inch  deals,  cut  across  into  battens  V*  x  3",  and  a 
certain  quantity  into  poles  3  inches  square  for  uprights. 

•  According  to  Sir  John  Jones,  this  was  found  to  give  too  hu^  a  garrison  (see  page  27). 
t  If  gnns  are  used,  about  five  yards  should  be  deducted  for  each  from  the  length  of  the  parapet, 
before  calmlsting  the  number  of  men ;  if  at  an  angle,  double  that  amount.— Eo. 
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Tboi  praridcd,  the  works  ihould  be  tnced  oul,  u 
•tiiUintd  io  Article  '  BATTEar,'  with  the  Hambro'  line 
(trclchcH  Dpoii  (hit  coneipaiiding  wilh  the  enlite  creit 
Ottlir  pusfiet  (D)intbe(nDexed<Iiigruii:  and  from  this 
llw  dlmeuiom  mirked  out  b;  picketa  fintilj  driicD  into 
iht  groaad,  tnoiferring  the  works  from  the  plan  ip- 
fnnrd ;  when  ptohihtir  tome  modificsiinn  will  be  raond 
Btcnnrj,  when  the  tracing  ii  completed,  hj  marking 
It  on  the  groand  with  i  iharp  spade,  called  spil-locking. 

i,  Fro/llr.— The  queition  of  rehef  baTipg  been  de- 
eldeil  upon  io  reference  to  command,  or  dufilade,  or 
a*  I  lecurilf  agalnit  artillery,  or  onW  igalaat  muakctrv 
the  dimeniiooi  will  be  foimd  in  fig>  iS  o  £>3  *  he 
polei  mnit  be  driven  into  (he  groDad  corresponding 
with  the  angle)  of  the  work,  and  the  battens  nailed 
to  them,  at  explained  in  the  dlogram 

The  under  lurfaee  of  the  halle  i  give  the  it  tocn 
alons  of  the  work,  bj  which  means  the  uprights  onlj 
will  lie  last,  and  buried  in  the  ground  And  u  order 
to  Jndge  whether  the  interior  of  the  work  a  sufficiently 
eorered  from  without,  or  delilBded  if  n  the  ric  n  y  of 
high  ground,  a  card  should  he  at  et  hed  from  profile 
to  pniflle,  0  to  o;  (see  the  diagram  cOTrespoadiDg  with 
(he  crest  of  (he  parapet.) 

e.  CmulruclknnHdExenilion  f  Field  ITortt —Ttie  ° 
rrmMai  and  d^blai  having  been  calculi  ed  from  one  of 
the  |irufilei  chosen  in  the  figures  of  the  Plates  on  F  eJd 
Forlincation,  the  materials  taken  from  the  d  cb  should 
bt  so  placed  that  the  work  may  be  re  >ed  to  he  whole 
breadth  of  the  parapet  and  hanqnette  and  of  rampart 
■nd  should  he  carried  up  in  even  cou  ses  of  about  IB 
inches  or  2  feet,  and  weH  consoli  Uted  w  h  tl  e  earth 
rammers  Io  the  level  of  the  banquette  wl  en  a 
inciili  Diiisl  be  made  for  revetting  the  parapet 
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jean.  When  the  exterior  slopes  of  the  parapet  require  to  be  retetted,  the  Arimehei 
and  trunit  qftreet  will  serve,  laid  horizontally,  as  also  lofjfi  qfwood  squared  or  on- 
hewn,  trenelled  together,  where  timber  is  abundant. 

SBCnOK   Yin. — OATB8   OE   BAREIEE8,   DEAININO  AlCD   COMMUNICATIONS. 

o.  The  entrance  should  be  always  well  traversed  and  palisaded,  and  secured  with 
gates  or  baeeiers,  as  explained  in  the  latter  Article. 

b.  The  draining  and  keeping  the  works  clear  of  water  is  an  essential  consideration 
in  the  construction  of  this  description  of  Keld  Fortification,  to  preserve  them  for  a 
certain  time,  so  as  to  drain  the  ditches  as  well  as  the  interior  of  the  work ;  and  for 
a  good  method  of  doing  so,  see  Article  *  Deain.'  The  interior  of  the  work  should 
be  also  levelled  and  dressed  towards  the  several  drains. 

c.  The  roads  and  eommunieationt,  although  last  mentioned,  should  be  at  an  early 
period  attended  to,  as  facilitating  the  several  operations  in  the  construction  of  works. 
The  formation  of  eoads  must  also  have  reference  to  whether  required  as  the  means 
of  communication  for  the  troops  and  artillery,  or  as  connecting  the  works  by  a 
covered  passage,  where  the  earth  will  be  thrown  up  outwardly  as  a  parapeUor  glacis, 
always  leaving  the  interior  slopes  sufficiently  gentle  to  allow  the  infantry  and  cavalry 
to  advance  or  retreat  over  them  (see  PL  XIV.  fig.  96). 

SECTION   IX.— CONCLUSION  TO   PAET  1. 

The  division  of  Field  Fortification,  of  which  the  works  are  supposed  to  be  designed 
and  executed  by  an  Engineer  or  Staff  Officer,  is  written  to  remind  him  on  the  spot, 
ready  for  action,  and  not  as  an  Essay  on  Fortification,  which  would  exceed  the 
object  of  the  '  Aide-M^moire,'  and  also  to  give  the  general  principles,  leaving  the 
proper  application  to  the  ground  and  circumstances  to  the  person  entrusted  with 
this  important  charge — having  in  consideration  always  one  point,  to  observe  if 
there  is  not  some  principal  feature  to  serve  for  the  key  to  the  post  or  position, 
and  which,  if  fortified  with  care  and  skill,  may  make  it  difficult,  and  sometimes  im- 
possible  to  overcome ;  such  as  a  fleche  or  redoubt,  with  artillery  placed  in  a  marsh, 
or  on  a  summit  of  a  precipitous  ground,  or  covered  by  an  impenetrable  wood,  which 
may  take  in  reverse  the  advance,  or  flank  the  approaches  to  the  post  or  position. 

PART   II.* — SECTION    I. 

a.  The  following  description  of  tools  and  stores  would  be  found  more  or  less 
necessary,  where  temporary  workt  are  to  be  thrown  up,  and  they  should  be  furnished 
in  the  required  proportions  to  any  detachment  whose  duty  it  might  be  to  strengthen 
and  afterwards  defend  a  post. 

b.  They  are  classed  in  three  divisions,  that  their  separate  uses  may  be  apparent. 
Class  1.  Field  Service  Tools. 

Shovels 


Pickaxes 

Felling-axes 

Bill.hooks 

Class  2.  For  Houses,  Walls,  etc. 

Sledge-hammers 

Hand-borers 

Crow-bars 

Saws 

Augers 

SpU^e-nails 


^For  sinking  trenches,  forming  breastworks,  felling  tim- 
ber, making  abattis  and  obstructions,  etc. 


For  forming  loopholes,  breaking  through  walls,  pre- 
paring timber  for  barricades,  stockade-work,  etc 


*  By  Lieutenaat-Colonel  Jebb,  R.E. 
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Oiat  Z.  Oeaeeti  Sowe  ud  prnpcaei  erf  Ddocc 

BorkeU 
Snulliliel!! 
Hind-greiuda  J 

e.  The  pTDporliooi  of  thcM  dmomit  u  be  denttoded  viQ  «f  conne  tan  whli  tbe 
daaiptioa  at  wok  wbich  mij  be  uiieipited. 

For  example,  in  tliroviiig  op  evtbcD-iroriu  is  u  open  coDBtry.  ■  pit^^ue  lod 
ihOTcl  (or  ereij  mui  tlut  okiU  be  employed  on  tbe  IneuL  ■  uilt  would  be  vuted. 
If  an  ABATTU  eonU  be  fbrmnl.  ud  there  wen  fencn  to  be  eui  up  and  lereDed.  one- 
third  of  Ibe  men  would  be  adraotageooilT  cmplored  wiih  fellin^-aia  and  bill-hmlt. 
In  a  caie  where  boiuei  were  to  be  placed  in  a  natr  of  defence,  wallt  wonld  bate 
10  be  bciAeo  Ihroogli  for  making  loopbolei.  and  windowt..  dwH^.  and  pasiace  to 
be  banicaded :  here  crow-ban,  hasd-borert.  tltdge-hammen.  Epike-naik.  and  uwi, 
would  be  required  in  greater  pnporlwn  than  ipadet  and  pidaiet, 

Sind-bagl  arc  iadoded  a>  being  lerr  tiMfol  for  many  porpoKs.  ndi  a>  laiRecuiif 
men  when  Bring  mti  a  panpet  or  breamrorii ;  qnidkly  blockini;  up  ihe  lower  pana 
of  windoWi,  etc ;  in  each  cue.  kupbolei  bong  arraoged  by  ditpodng  them  ai  shown 
Inag.31. 

A  man  will  carry  one  hundred  empty  und-bagt.  w^gfaing  aboni  COIbi..  eadi  of 
which  will  contain  a  buihel  of  earth,  and  «hen,A>i'  viH  be  mmtM-proef. 

RockeU,*  imall  ibelU,  and  gicnadet,  are  menliaoed  at  being  my  powerful  and 
attainable  auiiliaries  in  the  dtfeooe  of  poRt  and  houtea:  and  one  gttal  advantage  of 
them  ia,  that  anybody  who  hat  eonuDon  aenie  may  me  them,  or  at  least  be  insimrud 
In  the  resmtik  precaulioni  in  a  few  minnt^i. 

J.  A  certain  dtrtnoi  ^  labour  mnd  alto  be  atteoded  to.  and  a  man  thould  alnyi 
hftTC  a  toed  put  into  bi*  band  that  be  hat  been  aecuttomrd  to  use :  carpenien 
(hould  therefore  be  employed  where  uwi  and  aiei  are  wanted  ;  minrn  and  blad- 
(mllhi  where  waOi  are  to  be  broken  ihrougb :  laboorert  where  tbe  tpade  and  pictaie 
come  Into  plaj.  Thoie  who  nerer  handkd  looli  of  these  descripcinni'  would  be  miHl 
uaefullf  estployed  in  collectiDg  maierialt.  ll  would  be  well  il«o  to  select  such  men 
fbr  (he  lint  t«ur  of  duty,  at  palnilf  and  Kntriet,  and  to  employ  (he  best  woilmen  in 
mercomiog  the  greateit  dilficultiei,  which  are  uinally  found  in  Ibe  commenccmenl. 
A  little  breaigfal  will  not  be  mii^^lied  in  coniidering  these  poinu. 

t.  [(  ii  uteful  Ui  obtain  ibe  uftitinre  ',t  the  inhaliiiaDii  in  Fiecminf  vorkt  of  this 
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•doptiiig  diflferent  sectioiit  when  throwing  op  the  earth,  by  refemng  to  Plates  I.  and 
II.  figures  1  to  7,  and  the  corresponding  estimates,  which  are  calcnlated  on  the  fol- 
lowing data : — 

First.  That  on  an  average,  an  ordinary  labourer  will  dig  out  one  cubic  yard  or 
twenty-Mettn  cubic  feci  qf  earth  an  Aour,  in  middling  soil ;  and  continue  to  work  at 
that  rate  for  eight  hours  or  more.  And  secondly,  on  the  supposition  that  bach 
MAN  HAS  SIX  FEST  IN  LENGTH  TO  KXECUTK,  which  dlstauce  euablcs  him,  when 
St  work  with  others  in  a  line,  to  use  his  tools  with  perfect  freedom. 

It  should  be  observed,  that  the  first  of  these  data  admits  of  considerable  latitude, 
and  A  CUBIC  tajid  an  hour,  which  is  a  convenient  average  to  remember,  is  the 
least  work  that  ought  to  be  expected,  unless  in  a  very  strong  hard  soil :  in  a  light 
sand  not  requiring  much  use  of  the  pickaxe,  an  indifferent  labourer  would  remove 
two  cubic  yards  an  hour  with  more  facility  than  he  would  one  in  difficult  soil ;  and, 
bearing  this  in  mind,  the  nature  of  the  soil  on  which  a  military  post  might  be  situated 
would  frequently  have  a  great  influence  in  modifying  the  details.  With  regard  to  the 
lopposed  DISTANCE  OF  SIX  FEET  FOR  EACH  PORTION,  it  is  uot  to  bc  Considered 
ixtariabie,  but  conpement.  Men  may  be  set  to  work  as  near  as  4  feet  from  each 
other,  but  the  time  gained  is  not  in  proportion  to  the  diminished  distance,  for  they 
will  be  too  crowded  to  work  with  ease,  and  they  will  be  liable  to  injure  each  other, 
especially  at  night.  Still,  however,  there  is  no  doubt  that  any  given  quantity  of  work 
would  be  completed  in  less  time  by  disposing  workmen  at  4  or  4i  feet  than  at  a 
greater  distance.  On  the  other  hand,  when  only  improving  the  natural  advantages 
offered  by  banks,  fences,  etc.,  the  working  parties  might  be  distributed  at  much  wider 
intervals  than  6  feet ;  having  reference  to  the  time  in  which  they  could  execute  any 
given  portion.  For  instance,  a  man  might  possibly  convert  20  or  30  feet  of  a  hedge 
into  a  good  breastwork  in  three  hours,  when  he  could  not  execute  6  feet  in  length, 
of  one  equally  defensible,  in  the  same  time,  that  required  to  be  artificially  created  on 
s  level  field. 

b.  Before  entering  further  into  the  details,  it  may  be  right  to  mention  as  a  general 
rule,  that  in  almost  all  cases  where  trenches  are  required,  it  is  essential  that  the 
means  of  getting  out  of  them  with  facility,  both  to  the  front  and  rear,  should  be  pre- 
served by  leaving  slopes  or  steps  for  that  purpose.  Thus  on  some  occasions  it  is 
desirable  they  should  offer  no  impediment  to  a  forward  or  a  retrograde  movement, 
but  that  troops  should  be  able  to  march  straight  over  them  when  necessary.  In  the 
trenches,  however,  which  will  now  be  brought  more  immediately  under  consideration, 
and  which  are  designed  not  only  to  provide  cover,  but  to  be  vigorously  defended  when 
attacked,  the  chief  object  of  making  a  step  in  the  rear  would  be,  that  the  defenders, 
instead  of  waiting  for  the  assailants  in  the  bottom  of  the  trench,  might  step  out  alter 
giring  their  last  fire,  and  thus  interpose  a  fresh  obstacle  between  them  and  their  enemy, 
besides  placing  themselves  in  a  better  attitude  for  resistance. 

c.  Fig.  1  represents  the  section  of  a  small  trench,  and  the  parapet  or  breastwork 
that  has  been  formed  by  throwing  the  earth  up  in  front  of  it.  The  trench  is  2^ 
feet  deep,  and  the  same  width,  having  a  rough  step  of  one  foot  broad  in  the  rear. 
The  earth  thrown  out  will  make  a  parapet  of  a  height  nearly  equal  to  the  depth 
of  the  trench,  without  taking  any  precautions  in  building  it  up  at  a  steeper  slope 
than  it  will  stand  at  of  itself:  we  will  assume  that  it  is  2  feet  high,  which  will  make 
a  total  of  4^  feet  from  the  bottom  of  the  trench.  A  man,  therefore,  though  he  can 
reach  to  fire  over  the  top  of  the  parapet,  has  to  stoop  to  be  wholly  concealed  or 
covered  by  it,  and  it  therefore  affords  as  little  protection  as  is  worth  the  trouble  of 
considering  in  this  place. 

The  solid  content  of  the  excavation,  from  which  the  probable  time  it  will  take  to 
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execute  mif  be  determined, »  found  b;  unltipljing  the  depth  end  bretdth  of  the 
trench  together,  for  the  auperfldal  maMure  or  wee  of  the  MCtion,  eod  that  product 
b;  the  length  each  maa  baa  to  do.  Here  2i  feet  multiplied  b^  2}  feet  it  eqail  to 
6^  feet,  uid  that  product  multiplied  hy  6  feet,  whieh  we  hire  ummed  to  be  the  por- 
tion allotted  to  each  workmio,  fire*  37i  cubic  feet.  The  itep  ii  1  foot  hroad  and 
1  foot  deep,  and  being  fi  feet  ai  before  in  length,  there  will  be  6  loUd  feet  more  to 
add,  making  iltt^etber  43}  cubic  feet  for  the  wlid  conleat  of  the  mut  of  earth  that 
hu  been  removed. 

Now  if  a  man  ii  onlf  loppoeed  to  dig  out  27  cubic  feet  in  an  hour,  it  will  take  him 
rather  more  tlian  an  hoar  and  a  balf  to  remove  431  cubic  feet  ou  level  ground. 

d.  Tig.  2  aflbida  more  cover,  for  the  top  of  the  parapet  is  6  feet  above  the  bottom 
of  the  trench.  The  beit  way  of  executing  inch  a  profile  would  be  to  link  a  trench 
3  feet  deep  and  3  feet  vride,  and  to  throw  the  earth  about  2  feet  in  front  of  it ;  *o 
that  in  the  progreu  of  the  work,  when  the  trench  was  found  to  be  too  deep  to  itand 
in  and  fire  with  convenience  over  the  top  of  the  parapet,  a  little  itep  might  be  cut 
out  of  the  lolid  left  iu  front,  for  a  banquette,  ai  ihown  ihaded  in  the  tection ;  and 
another  itep  of  the  tame  deacription  in  the  rear  would  complete  it  as  far  ai  it  went. 
The  itepi  might  be  18  inchei  wide,  and  the  lame  depth. 

The  area  of  thi*  MCtion  ii  nearly  U  feet,  the  trench  itself  being  9  feet,  and  the  two 
atep*  i|  anpetficial  meaiure,  which,  multiplied  hy  6  feet,  the  length  of  the  portion 
allotted  to  each  workman  aa  before,  gives  84  cubic  feet,  or  about  3  cubic  yarda,  for 
the  lolid  coDteut  of  the  eicavation ;  and  therefore,  under  the  preiumed  data,  it  would 
be  completed  in  three  houra  i  atill,  however,  it  will  be  obierved,  that  it  otTerr  no  im- 
pediment in  itaelf  to  an  enemy,  and  men  could  only  be  drawn  up  in  lingle  file  for  ita 
defence,  from  there  not  being  room  for  more. 

e.  A  trench  of  the  dimeniiona  ibown  in  Og.  3  might  be  completed  in  Ave  hoan  on 
the  premmed  data,  and  being  roomy  enough  to  diapoae  men  in  double  file*  (or  ita  de- 
fence, and  high  enough  to  icreen  luid  cover  them,  may  be  considered  as  large  as  ii 
necewary  for  merely  folfiUing  those  conditions ;  for  if  more  time  could  be  devoted  to 
itreagthening  a  post,  or  if  other  circumstances  were  favourable,  it  woold  become  a 
eonaideration  whether  tome  proflle  of  a  diflTerent  form  could  not  be  substituted  with 
advantage  for  such  aa  only  afford  cover  without  opposing  any  abitacle  to  the  advance 
of  a  boatile  force. 

/  Fig.  4  ia  a  form  of  breattwoik  that  might  be  adopted  for  obtaining  cover  in 
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6  incbei ;  and  if  we  tdd  2  feel  for  the  thidmeu  of  tlie  breastwork  at  the  top,  it  will 
eofer  8  feet  of  ground.  Then  if  the  banquette  is  made  2  feet  broad,  and  the  berm 
1  foot,  the  distance  between  the  two  lines  of  workmen  will  be  altogether  11  feet. 

Under  the  second  supposition,  if  the  two  lines  of  workmen  were  drawn  op  one 
behind  the  other,  and  both  working  to  the  same  front,  the  distance  between  them 
might  be  from  4  to  7  feet,  according  to  the  depth. 

The  level  of  the  ground  in  this  instance  forms  the  banipiette  or  step  to  Are  from. 
There  will  be  about  5  cubic  yards  in  6  running  feet  of  breastwork,  and  as  there  are 
•apposed  to  be  a  double  number  of  men  at  work,  it  ought  to  be  finished  in  two  or 
three  hours.* 

g.  This  mode  of  executing  work  may  also  be  adopted  with  adrantage  in  other 
csies  when  time  is  an  object,  and  there  are  plenty  of  hands,  or  when  it  is  of  im- 
portance to  strengthen  and  give  height  to  breastworks  in  particular  situations.  Bu^ 
ss  frr  aa  this  profile  is  concerned,  it  is  to  be  obserred,  that  it  would  afford  co?er  to 
an  enemy  when  he  got  at  it,  without  opposing  any  impediment  to  his  advance,  which 
it  is  always  very  desirable  to  avoid. 

JL  Should  the  ground  be  rocky  or  very  hard,  as  in  a  road  or  street,  cover  may 
perhaps  be  more  expeditiously  obtained  by  raising  a  breastwork  from  rubbish  or 
materials  brought  to  the  spot  in  baskets,  sand-bags,  or  barrows,  than  in  attempting  to 
sink  at  alL    Diffierent  expedients  are  shown  in  Plate  IL  figs.  11  and  12. 

i.  Having  thus  hi  detailed  the  most  expeditious  modes  of  providing  cover  for  men, 
it  may  now  be  worth  while  to  consider  whether  in  securing  that  advantage  for  the 
ikfenders,  yon  cannot  at  the  same  time  add  another,  in  opposing  an  oi$taek  to  an 
enemy,  by  excavating  a  ditch  in  Jront  of  the  breastwork  in  place  of  making  a  trench 
ia  rtar  of  it.  A  ditch  to  stop  people  at  all,  should  be  at  least  8  or  9  feet  broad,  and 
6  or  8  feet  deep :  in  more  Permanent  Works  it  would  of  course  be  considerably 
more. 

i.  Fig.  5  shows  the  general  dimensions  which  such  a  profile  might  have.  The 
ditch,  it  will  be  observed,  is  of  a  triangular  form,  the  area  of  which,  for  calculating  the 
qoantity  of  earth  to  be  moved,  will  be  found  by  multiplying  its  breadth  by  one-hay' 
its  depth,  that  is,  9  feet  by  4  feet,  which  gives  36  superficial  feet ;  and  that  multiplied 
again  by  the  length  of  the  portion  each  man  has  to  execute  (we  will  here  say  4  feet, 
as  the  breadth  is  considerable)  will  be  36  x  4  »  144  cubic  feet,  or  about  5  cubic 
yards  in  each  portion  of  4  feet ;  which,  considering  the  increased  labour  arising  from 
a  greater  depth  than  has  hitherto  been  contemplated,  would  not  probably  be  com- 
pleted in  less  than  six  hours  by  the  same  workmen.  Some  spare  men,  probably  equal 
to  one-half  the  number  employed  in  the  ditch,  would  also  be  required  for  ramming 
the  earth,  and  forming  the  breastwork.  Thus  on  100  feet  in  length  there  would  be 
twenty.five  men  working  in  the  ditch,  and  twelve  additional,  making  in  all  thirty- 
seven;  whilst  in  the  common  trench-work,  which  has  hitherto  been  under  con- 
sideration, only  about  seventeen  workmen  have  been'  shown  to  be  necessary  for 
every  100  feet. 

L  A  profile,  such  as  that  now  under  discussion,  therefore  requires  not  only  longer 
time  to  execute,  but  double  the  number  of  men ;  and  it  would  not  seem  advisable  to 
undertake  it,  unless  there  were  a  reasonable  probability  of  its  being  completed  before 
an  attack  could  be  made ;  for  if  an  enemy  came  upon  it  when  in  an  unfinished  state. 


*  Wbea  firom  dfcomstaneet  tixM  depth  of  a  trench  or  ditch  it  very  limited,  the  probable  time  it  will 
take  to  form  a  breastwork  out  ot  them,  is  more  readily  determined  by  estinuiting  the  content  of  the 
maa  to  be  raised,  than  the  excavation,  as  in  the  preceding  cases,  because  the  breadth  of  the  latter 
wiQ  probably  be  irregular. 
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it  would  be  alniMt  nsdew,  tnd  the  Itbour,  which,  if  otherwiie  applied,  would  hart 
•eeared  U  leut  good  carer,  would  thai  be  thrown  awaf.  Still,  howeier,  the  uItui- 
t«ge«  it  oBtn  ihould  aot  be  lost  right  of  Id  riluationi  where  a  determined  stand  ii  to 
be  made,  and  on  very  acceMible  point*,  or  to  thut  op  rood*  or  ttreeti,  el«.,  eien  if  the 
reit  of  an  iatrenchment  were  different!;  arranged.  Ai  &r  ai  the  meaoi  of  reaiitance 
b  concerned,  it  i*  obnonil}  of  more  advantage  to  have  a  ditch  in  •front  of  a  breaat- 
worii  than  a  trench  in  rear  of  one ;  and  the  only  pmnt  to  be  determined  ii,  whether 
there  il  lime  and  m«iiiu  for  executing  it :  and  it  ia  on  thii  point  that  an  Officer  will 
have  to  eierciae  hii  diacriminatioa,  when  he  has  carefuil;  coniidered  the  lariona 
circamitancei  of  hit  lituation,  which  will  have  iafloeace  upon  it ;  and  which  have 
already  been  detailed. 

m.  Such  ■  profile  may  further  be  much  >treng1hened  by  planting  a  row  of  paliudet 
in  the  ditch,  or  even  by  driving  itikei  in  and  aharpening  them,  or  making  what  may 
be  called  •  perpendicular  aluttis,  by  planting  bniihwood  upright  in  the  bottom,  with 
the  enda  aharpeaed,  a*  ihown  in  figa.  5  and  6, 

An  cipeditioui  way  alio  of  adding  to  the  difiicultiea  of  an  auault,ia  shown  in  fig.  7, 
where  common  hurdles  or  gatea,  railg  or  bnubwood,  laid  on  the  groand  lOon  after 
commencing  the  worli,  and  their  eitremitiea  buried  under  the  parapet,  may  he  made 
UK  of;  the  earth  ondemeath  them,  shaded  darli  in  the  figure,  should  be  cut  away 
when  the  ditch  has  been  aunlc  to  its  full  depth,  fig.  7. 

Short  poats  laid  borizontally  every  S  or  10  feet  in  the  same  uluation,  and  long 
rails  or  a  chain  afterwarda  nailed  to  them,  would  be  a  ready  eipedient :  the  ends 
should  project  about  2  feet  over  the  ditch,  and  stand  at  least  6  feet  sboie  the  hot- 
it.  It  ia  to  be  observed  that  in  all  the  foregoing  cases,  only  a  mmi'mum  ^  cover 
and  inamt  of  reiittaaee  has  been  lOogbt  for  in  a  nnninmm  ^  tine.  It  has  been 
tbowu  tBhal  em  be  tffeetedin  a  few  haun;  it  may  so  happen,  however,  that  time  ia 
pven  to  improve  upon  the  profiles  deacribed,  aa  would  be  the  case  if  an  advanced 
poat  were  held  for  some  daya  in  succession,  and  each  Officer  in  command  had  done 
what  be  could  towards  it.  These  improveuenta  would  consist  in  strengthening  the 
breastworks,  making  the  ditches  deeper  and  irider,  and  planting  more  redoubtable 
obstructions ;  and  sncb  opportunities  mult  never  be  thrown  away,  ss  the  meani  of 
defence,  and  the  security  aCTbrded,  will  be  augmented  in  proportion. 
0.  It  may  be  remarlied,  that  such  breastworks  as  oOei  little  oi 
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COmCUNICATIONS   THROUGH    BRBA8TW0RK8,  &C 

p.  When  an  opening  or  passage  is  required  through  a  breastwork  or  stockade, 
it  must  be  arranged  so  as  to  be  easily  closed  and  defended.  These  objects  may  be  in 
some  measure  secured  by  disposing  the  lines  in  such  forms  as  are  represented  in 
figs.  8  and  9,  and  providing  rough  strong  gates,  chbvaux-db-frise,  or  something  of 
the  sort,  for  quickly  shutting  them  up.  When  houses  are  concerned,  as  in  a  street, 
the  BARRICADE  may  extend  quite  across,  and  a  communication  be  made  round  the 
end  of  it,  by  breaking  through  walls,  as  shown  in  fig.  10. 

SECTION   III. — DEFENCE   OF    HEDGES,   ROADS,   &C. 

c  In  the  foregoing  explanation  of  the  Details  of  Breastworks,  an  attempt  has  been 
made  to  show  the  least  possible  time  in  which  decent  cover  could  be  obtained  when 
working  on  a  level  plain,  unaided  by  any  advantages  of  ground  and  situation ;  and  it 
must  be  confessed  it  is  rather  a  damper  to  one's  ardour  to  find,  that  five  or  six  hours 
of  hard  work  may  be  calculated  upon,  before  anything  like  comfort  can  be  obtained 
under  such  circumstances ;  and  that  the  people  who  should  be  kept  fresh  for  resisting 
an  attack,  are  likely  to  be  worn  out  by  their  exertions  in  preparing  for  it. 

This,  however,  happily,  is  by  far  the  worst  side  of  the  picture ;  for  with  a  moderate 
share  of  luck,  some  little  slope  or  broken  ground  will  offer  itself;  and  some  hedge  or 
ditch,  bank,  wall,  road,  or  wood,  will  be  found,  either  placed  exactly  as  if  it  were 
there  on  purpose  to  be  defended,  or  a  plan  could  readily  be  arranged  for  turning  it  to 
some  account.  An  eye  is  put  into  a  man's  head  to  be  made  use  of,  and  it  only  requires 
a  little  previous  exercise  of  that  organ,  to  see  all  these  natural  entrenchments  and 
local  advantages  in  almost  every  possible  circumstance  of  ground  and  situation. 

b.  An  endeavour  will  be  made  to  explain  by  the  Sketches  in  the  annexed  Plates,  in 
reference  to  the  Second  Class  of  Works,  the  simple  means  which  are  most  in  use,  and 
which  appear  adapted  for  improving,  and  deriving  advantage  from  such  local  objects 
as  are  most  commonly  met  with,  in  the  hope  of  showing,  that  by  Wi^judicUnu  appli- 
cation of  a  very  little  labour,  a  serious,  and  in  some  cases  an  almost  insurmountable 
obstruction,  may  be  formed.     (See  Plates  III.  IV.  and  V.  figs.  14  to  30.) 

Rg.  14  represents  a  hedge  on  the  top  of  a  steep  bank,  which  has  been  cut  down 
within  2  feet  of  the  ground;  the  branches  have  been  carried  to  the  front  as  an 
obstacle,  and  two  small  steps  have  been  made  on  the  slope,  the  one  to  load  on,  the 
other  to  fire  from. 

Fig.  15  is  supposed  to  be  the  same  situation,  but  defended  in  an  opposite  direction. 
The  hedge  might  be  felled  as  an  obstacle,  leaving  the  stumps  2  feet  high  to  screen  the 
men ;  or  it  might  be  cut  thin  and  left  standing,  if  it  were  considered  better.  The 
slope  in  front  is  made  steeper,  and  a  little  hollow  is  made  to  fire  from,  kneeling. 

Fig.  16. — A  ditch  on  the  side  of  the  enemy  is  supposed  to  have  been  deepened,  and 
the  earth  and  sods  formed  into  a  breastwork  on  the  reverse  of  the  hedge ;  where  a 
small  trench  has  also  been  made,  to  obtain  additional  cover. 

Fig.  17. — The  same,  fronting  the  other  way ;  the  hedge  felled  as  an  obstruction,  or 
cut  thin,  so  as  to  give  no  cover  to  an  enemy,  and  left  standing.  The  ditch  deepened 
to  6  (eet,  and  a  small  breastwork  made  from  the  earth  thrown  out  of  it,  and  from  a 
trench  in  the  rear. 

Fig.  18. — A  double  post  and  rail.  Brushwood  is  interlaced  in  the  front  rail  as  an 
obstacle,  and  a  breastwork  is  made  leaning  against  the  other  to  afford  cover. 

Fig.  19. — A  bank,  with  double  ditch.  One  ditch  has  been  deepened,  and  the  other 
partly  filled  up. 

Fig.  20. — The  edge  of  a  quarry,  or  steep  bank :  a  very  defensible  situation. 

▼OL.  II.  B 
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ng.  21. — A  wet  ditch,  or  brook.    Tbe  bmitvork  made  from  « treneh  in  the  rear. 
Ilg.  22. — A  load.    Both  fence)  felled  m  obstructions,  tmd  >  breutwock  placed  for 
defending  tbem. 

Fig.  23. — A  bolloir  road,  arranged  ia  a  limilar  manner. 

Rgs.  34  and  25  are  profiles  On  a  bare  ateep  bank,  to  abow  the  way  of  ohteining 

c.  Il  may  be  remarked,  tbat  ai  obBtmctJonB  placed  ander  a  cloie  fire  in  front  o 
Temporary  Worka  are  eaaential  to  their  being  properly  defended,  it  will  be  a 
consideration  whether  a  hedge  would  be  more  conieniently  converted  into  such  an 
obstruclion,  as  in  ^.  17,  or  be  made  to  form  part  of  a  breastwork,  as  in  lig.  IS. 

d.  Before  aettiog  bit  men  to  work,  il  would  be  ncceiiaiy  that  an  Officer  should 
have  a  notion  of  the  time  it  would  lake  lo  execute  his  projected  defences :  for  this 
parpose  he  might  pace  the  whole  length  of  hit  proposed  line,  and  then,  by  forming  an 
idea  how  long  it  would  take  one  man  lo  finish  a  certain  portion  of  it.  say  4  or  S  yards 
in  length,  of  deepening  a  ditch,  scarping  a  bank,  of  felling  a  fence,  he  would  see 
whether  the  nnmber  of  men  at  his  disposal  could  complete  the  whole  in  a  given  lime, 
and  would  curtail  or  enlarge  his  plan  accordingly,  and  distribute  his  men  at  intervals 
of  4  or  5,  or  7  or  8  yards,  aa  the  case  might  be ;  for  it  is  impossible  to  offer  any  de- 
flned  Roles  which  shall  apply  where  circumstances  are  ever  varying. 

A  slick  may  be  cut  for  measuring  out  the  portions,  and  stakes  may  be  driren  in  for 
explaining  the  slopes  and  the  general  form  of  the  profile  tbat  is  required. 


0.  Walla  are  readily  made  available  for  purposes  of  Defence  hy  loopholing  them ; 
the  mode  of  doing  il  varying  with  tbeii  height  and  situation. 

t.  II  i*  a  General  Bule,  that  loopholes  must  be  so  placed,  aa  that  an  enemy,  if  be 
aucceeds  in  rushing  up,  shall  not  be  able  lo  reach  so  as  to  make  use  of  them ;  for  il  ia 
clear,  that  if  he  stands  on  the  same  level  as  the  defenders,  the  loophole  would  be 
adapted  tor  serving  Ihe  convenience  of  dolli  parties,  which  ia  not  their  object. 

To  obviale  this  inconvenience,  loopbolea  should  be  placed  8  or  9  feet  above  the 
ground  on  the  outside ;  but  on  Ibe  inside,  the  banquette  or  step,  from  which  the  de. 
fenders  are  lo  fire,  should  not  be  more  than  about  4  feet  6  inches  below  them,  which 
may  be  assumed  as  a  convenient  height  for  the  purpose,  aa  already  explained  in 
treating  of  Breastworks.    A  portion  of  the  wall  also,  not  tesa  Ihan  18  inches  high. 
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be  teen  that  tbey  are  not  qaite  so  safe  to  fire  from  as  others,  but  this  inconTenience 
majr  be  partially  remedied  by  filling  the  upper  part  with  a  stone,  a  log  of  wood,  a 
sand-bag,  &c. 

e.  If  a  wall  should  he  very  low,  or  there  were  not  time  to  make  loopholes,  a  piece 
of  timber,  or  the  trunk  of  a  tree,  supported  by  a  couple  of  stones,  on  the  top  of  it, 
would  be  a  ready  expedient,  and  men  conld  fire  from  the  opening  under  it,  as  in 
s?.ndVL  fig.  29.  Or  sand-bags,  if  they  were  at  hand,  might  be  laid  there,  having  loopholea 
between  them  (see  fig.  33).  Or  large  stones  or  sods  might  be  placed  there  in  default 
of  sand-baga.  A  man  of  resource  would  seldom  find  any  difficulty  in  appropriating 
something  to  his  purpose. 

/.  The  temporary  loopholes  that  are  made  in  walls  or  buildings  are  not  of  course 
confined  to  any  regular  form;  they  are  merely  holes  to  fire  through,  made  in  the  re- 
quired direction,  and  so  as  to  see  the  ground,  from  within  a  few  yards  of  the  wall  or 
building  in  which  they  are  pierced,  to  the  extreme  range  of  a  firelock,  affording  also 
the  opportunity  of  firing  a  little  to  the  right  and  left. 

To  secure  these  points,  the  absolute  dimensions  will  vary  with  the  thickness  and 
height  of  the  wall :  the  width  of  the  hole  outside,  however,  need  not  exceed  about 
3  inches ;  but  the  width  inside  should,  if  possible,  be  equal  to  the  thickness  of  the 
wall 

g.  The  best  tools  for  breaking  loopholes  through  brickwork  or  masonry  are  short 
iron  bars,  steeled  at  the  head,  called  hand-borers.  They  are  held  in  the  proper 
situation  by  one  man,  and  struck  with  a  sledge-hammer  by  another.  But  if  people 
are  employed  who  have  not  been  accustomed  to  the  use  of  such  tools,  they  would 
perhaps  get  on  better  each  man  with  a  crow-bar,  which  anybody  can  handle.  A 
beginning  might  be  made  on  the  face  of  a  wall  with  a  pickaxe,  which  would  very 
mudh  fscilitate  proceedings.  The  time  it  will  take  to  break  through  a  wall  will  be 
best  determined  by  a  trial  on  the  spot ;  for  materials  are  so  very  various,  it  might 
lead  to  erroneous  conclusions,  were  any  attempt  made  to  state  a  general  average. 
Much  also  would  depend  on  the  tools  and  workmen,  which  adds  to  the  difficulty  of 
offering  any  precise  data. 

A.  A  wall  exposed  to  the  fire  of  artillery  will  not  afford  good  cover,  in  consequence 
of  the  splinters  that  will  fly  from  the  materials  whenever  it  is  struck ;  but  if  time 
admits  of  it,  this  inconvenience  may  in  some  measure  be  obviated,  by  sinking  a  trench 
a  few  yards  in  the  rear,  and  throwing  the  earth  up  against  the  intide  of  the  wall ;  or 
a  ditch  may  be  sunk  on  the  outside,  and  the  earth  be  thrown  over.  The  trench  is 
best,  as  it  will  give  additional  protection  to  the  men ;  but  the  ditch  may  be  required 
u  an  obstacle,  or  to  give  height  to  the  loopholes,  and  therefore,  as  usual,  circum- 
stances must  decide  what  is  best  to  be  done.  It  is  not  contemplated  that  there 
woold  be  opportunity  for  giving  this  embankment  sufficient  thickness  to  make  it 
shot-proof,  but  most  of  the  splinters  would  bury  themselves,  if  it  were  only  3  or  4 
feet  thick. 

SECTION   v. — STOCKADE-WOBK. 

Stockade-wobk  may  be  substituted  with  advantage  for  Breastworks,  when  there 
is  timber  to  be  had  in  abundance,  especially  if  it  can  be  covered  from  the  fire  of 
artillery.  It  has  this  advantage  over  earthen-works  of  very  small  profile,  that  if  made 
high  enough,  it  is  not  easily  got  over,  and  therefore  in  itself  it  opposes  an  obstacle  to 
an  enemy,  which  they  generally  do  not.     (See  Plate  V.  figs.  32  to  34.) 

Stockade-work  may  be  made  with  the  rough  trunks  of  young  trees,  cut  into 
lengths  of  12  or  14  feet,  and  averaging  not  less  than  from  10  to  15  inches  in  diameter. 
They  should  be  firmly  planted  upright,  in  a  narrow  ditch,  3  or  4  feet  deep,  either 

b2 
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close  together,  or  with  intcmls  of  ■  few  inchei  for  firing  tbrongb.  The  intereticei 
in  either  cue  thould  be  filled  ap,  to  a  cectAin  diitance,  with  ihorter  inece*  of  timber 
to  protect  the  men;  ud  the  loopholea  ihould  be  uruiged  with  the  prectntioni 
tdverted  to  before. 

A  banquette  or  ilep  will  genenllj  be  required  on  the  iniide ;  and  *  ditch,  and  ui; 
other  obstacle  on  the  outside,  that  can  be  made  in  the  time,  will  add  to  the  difficulliei 
of  an  asuult.  In  defending  a  slocliade,  the  means  of  stopping  up  any  partial 
breachea  which  ma;  be  made  by  artiller;  should  he  at  baud,  and  a  flank  Are  aerow 
the  front  ia  very  easenlial,  a>  it  will  be  obvioiu  that  were  an  enemy  to  succeed  in 
mihing  up  to  it,  he  would  be  under  cover  fiom  the  direct  lire  of  the  loo{^oles. 


(Plate*  XI.,  XII.,  XIII.,  XIV.) 
"Lea  piloclpe*  iet  fgctillaciaiu  de  ampigiie  ont  htmoia  i'iat  ptritctimnt*:  cetu  putie  de 

Vvt  At  la  gaerre  t»t  auiceptjble  de  fiin  de  gruda  progrta. 
"  Lm  feftidcatHiu  de  eunpagne  Knt  toujoun  ntUe* — junua  DiuaLbLea,  ]onqu'el1ea  loiil  biea  en. 

tendaea." — ConrtrtatloiH  dt  NapaUtn,  par  Mtmihclon, 

Worimt*. — The  manual  labour  of  the  IJao  was  perfanned  by  the  peasanti;  of  the 
CQDnti;  and  two  regiment)  of  militia.  The  farmer  were  obtained  by  conscHption,  and 
ware  relieved  weekly ;  the  latter  worked  aa  a  permanent  duly.  The  peasantry  were 
paid  lix  Tintems  per  diem  u  labourers,  and  twelve  rintema  pet  diem  aa  mechanici; 
and  the  militia  at  one-third  thoie  ratei-t  Sabiequently,  as  the  work  increased  and 
lengthened  almost  into  a  permanent  occupation  for  the  peasantry,  their  rate  of  wagea 
wai  alimented  to  ten  vintems  per  diem  for  labourers,  and  sixteen  for  artificers ;  the 
militia  continuing  to  be  paid  at  the  original  rate.  In  August,  I8I0,  when  more  than 
2500  men  were  working  in  a  body  at  Alhandra,  and  the  ordinary  supply  of  the  town 
would  not  fnnusb  sufficient  provisians  for  snch  augmented  numbera,  tbe  Officers  of 
Kngineera  took  upon  themselies  to  make  requisitions  on  the  neighbouring  districts 
for  bread  auffldent  to  supply  each  workman  with  a  pound  per  day,  and  saw  that  the 
value  waa  regularly  stopped  from  the  men'a  wages  at  the  end  of  the  week.  In  the 
winter  of  1810  and  1811,  when  the  eonntry  was  totally  exhausted  of  provisiona,  thii 
system  was  improved  into  a  regular  supply  of  a  pound  of  biacoit  per  man,  issued 
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equal,  according  to  military  dassificatioii,  to  a  Bcijeant;  nevertheless,  during  a 
twelTcmonth  of  this  forced  labour,  not  a  single  instance  of  insubordination  or  riot 
occQired;  and  the  great  quantity  of  work  performed  should,  in  justice  to  the 
Portuguese,  be  more  ascribed  to  regular  habits  of  persevering  labour  in  those 
employed,  than  to  the  efficiency  of  the  control  exercised  over  them. 

Mode  of  Payment, — On  commencing  the  lines,  the  Officers  of  Engineers  were 
made  public  accountants,  contrary  to  the  regulations  of  the  Service,  which  strictly 
prohibit  it ;  and  they  had,  in  consequence,  to  take  charge  of  large  sums  of  money  (all 
ID  silver)  and  make  the  weekly  payments  of  the  labourers'  wages. 

Every  moment  of  the  Engineers'  time  being  devoted  to  the  works,  and  no  Officer 
having  a  secure  place  to  lodge  the  cash,  nor  any  competent  person  to  keep  his 
accounts,  many  were  considerable  losers  by  this  duty,  and  the  active  service  of 
the  senior  Officer  of  each  district  was  altogether  lost,  one  day  in  the  week,  whilst 
settling  with  the  workman,  each  of  whom  individually  received  and  signed  in 
triplicate  for  his  4f.  l|<f.,  which  useless  formality  rendered  the  payment  of  fifteen 
hundred  or  two  thousand  men  the  labour  of  many  hours. 

After  some  months,  the  impolicy  as  well  as  injustice  of  making  the  Engineers 
paymasters  becoming  apparent,  an  Officer  of  the  Commissariat,  with  efficient  clerks, 
WIS  named  for  that  duty,  and  made  a  regular  roand  of  the  districts,  paying  the 
workmen  on  lists  prepared  and  certified  by  the  Engineers.  In  a  similar  manner, 
during  the  latter  periods  of  the  war,  in  carrying  on  works  in  detached  situations,  the 
Officer  of  Engineers  was  relieved  from  the  responsibility  of  being  a  public  accountant, 
by  the  duty  of  paymaster  being  allotted  to  an  Ordnance  Clerk  or  conductor  of  stores, 
who  received  a  sum  of  money  to  cover  the  intended  service  from  the  Commissary- 
General,  and  disbursed  it  on  the  order  of  the  Engineer  in  charge  of  the  work. 

Materialt,  Stores,  Sfc,  how  obtained. — All  materials,  stores,  implements,  &c., 
were  purchased  by  the  Commissary-General  on  requisition  firom  the  Commanding 
Engineer,  and  the  Officers  in  charge  of  the  several  districts  only  gave  receipts  for  the 
quantities  delivered  to  them,  being  in  no  way  responsible  for  or  consulted  respecting 
the  price. 

Lieut -Colonel  Fletcher  had  a  general  authority  firom  the  Commander  of  the  Forces 
to  make  these  demands  on  the  Commissary-General,  and  when  he  gave  over  the 
charge  of  completing  the  lines  to  Captain  John  T.  Jones,  and  made  him  responsible 
for  the  future  expenditure,  he  also  transferred  his  authority  to  order  materials,  &c., 
which  authority,  so  delegated,  was  found  efficient.  In  like  manner,  Captain 
Goldfinch  was  subsequently  invested  with  similar  delegated  powers  and  responsibility, 
whilst  retrenching  the  position  of  Almada;  and,  generally  speaking,  each  Ofiicer, 
when  employed  in  charge  of  a  distinct  work,  had  authority  to  make  demands  on  the 
nearest  commissariat  station. 

The  gunpowder  used  for  blasting  during  the  formation  of  the  scarps  of  the  lines, 
the  quantity  of  which  was  very  considerable,  also  that  used  for  raining  the  bridges 
and  roads,  was  obtained  from  the  Ordnance  Commissary  at  Lisbon  as  wanted,  on 
requisition  addressed  to  the  Commanding  Officer  of  Artillery. 

When  mining  was  ordered  in  situations  distant  from  any  artillery  d6p6t,  it  was 
at  first  customary  to  draw  cartridges  from  the  nearest  brigade  of  guns ;  But  as  this 
was  invariably  found  to  be  a  source  of  vexation  to  the  Artillery  Officers,  a  supply  of 
gunpowder  was  latterly  transported  with  the  Engineers'  stores,  with  cases  ready 
prepared  for  given  charges. 

Trace  of  the  several  Works. — The  redoubts  were  made  of  every  capacity,  from  that 
of  fig.  74,  limited  by  want  of  space  on  the  ground  it  occupied  to  fifty  men  and  two 
pieces  of  artillery,  to  that  of  fig.  89,  for  five  hundred  men  and  six  pieces  of  artillery, 
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e  of  the  object  to  be  attained  being  the  oatj  guide  in  formii^  the 
Many  of  the  redoubti  Snl  thrown  up,  even  lome  of  the  imallett,  were 
ibaped  like  >un  (fig).  82  and  86),  under  the  idea  of  procuring  a  flank  defence  for 
the  diicheti  but  (his  comtmction  vrai  latterly  rejected,  it  being  found  to  cut  up  the 
interior  apace,  and  to  be  almoit  fallacioua  with  reipect  to  flank  defeoce,  the  breadth 
of  the  exterior  ilopes  being  in  tome  caies  equal  to  the  whole  length  of  the  Banlca  to 
obtained,  at  in  fig.  86.  Even  when,  from  the  greater  uie  of  the  work,  tome  flanking 
fire  waa  thua  gained,  the  angle  formed  by  tlie  facet  wat  generally  lo  oblate,  that  it 
demanded  more  coolnetl  in  the  defenders  than  ought  reaaonably  to  be  expected,  to 
aim  along  the  ditch  of  the  oppoaite  face;  and  further,  thii  conitradioD  prevented  the 
flie  of  the  work  being  more  powerful  in  front  than  in  i«ar. 

In  order  to  decide  on  the  proper  trace  of  work,  it  ia  neceisazy  to  coniider  whether 
itt  object  be  to  prevent  an  enemy  eitablithing  himielf  on  the  ground  on  which  it  ii 
to  be  placed,  or  whether  it  be  to  ensure  a  heavy  flie  of  artillery  on  tome  other  ptdnt 
in  itt  ricinity.  Id  the  firtt  cate,  every  consideration  ihould  be  tacrificed  to  that  of 
adding  to  its  powers  of  telf-defeace  by  flanks  or  other  eipedieala.  In  the  tecond,  it* 
powers  of  retiitance  are  tecondary  to  the  eitablishmcDt  of  a  powerful  ofl'entive  fire, 
and  itt  trace  cannot  be  too  simple.  Latterly,  the  thftpe  of  the  redoubts  was  invariably 
that  most  fitted  to  the  ground,  (figt,  74,  75,  77,  83,  84,  85,)  or  luch  ■*  the  best 
parried  the  enfllade  fire  or  muiketry  plunge  of  ndghbouring  heights,  care  being  taken 
to  pretent  the  &ont  of  fire  deemed  necessary  tovardt  the  pass,  or  other  objects  lo  be 
gnarded ;  and  such  will  generally  be  found  tbe  best  rule  of  proceeding. 

Thit  recommendation,  however,  it  not  intended  to  apply  lo  isolated  works  of  large 
dimensions,  and  mare  particularly  to  those  contidered  the  key  of  any  potiiion.  No 
labour  or  expense  should  be  spared  to  render  sncb  works  capable  of  resisting  tbe 
most  furioui  attiult,  either  by  breaking  the  parapet  into  flanks,  or  forming  a  lank 
defence  in  the  ditcb ;  for  the  experience  gained  in  the  Peniniula  shows  that  an 
nnllanked  work  of  even  more  than  an  ordinary  field-profile,  if  skilfully  and  deter- 
minedly assaalted,  will  generally  be  carried;  for  instance,  RedoabI  Renaud,  Porta 
Picorina  and  Napoleon,  &c.  Nor  does  the  teriout  evil  of  curtailing  the  interior 
space,  which  renden  any  breaks  in  the  outline  to  procure  flaokt  so  objectionable  in 
small  works,  apply  to  works  of  lai^  dimensions  ;  for  it  mutt  be  recollected,  that  in 
similar  figures,  whilst  the  length  of  the  outline  increases  only  in  the  simple  ratio  of 
the  double,  triple,  or  quadruple,  the  interior  space  or  surface  increases  aa  the  square 
of  their  Uke  sides.     Under  thit  view  tbe  great  work  on  Uonte  Agra^a  (fig.  72)  must 
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The  smaU  drcolar  windmills  of  stone,  which  were  frequently  found  occupying 
salient  knolls  selected  for  the  site  of  advanced  fl^hes,  were  readily  converted  into 
admirable  interior  posts  of  that  nature ;  and  many  mills  situated  on  the  elevated 
points  of  the  main  defences  were  made  to  add  greatly  to  their  security  by  a  similar 
conversion.    (Figs.  87,  88,  89.) 

Redoubt  No.  109,  occupying  a  very  important  and  very  exposed  point  in  advance 
of  the  position  of  Oeyras,  was  deemed  of  so  much  value,  that  being  commanded  by  a 
height  between  600  and  700  yards  in  its  front,  in  order  to  ensure  some  power  of 
resistance  after  its  parapet  and  scarps  should  have  been  destroyed,  its  artillery 
dismounted,  and  its  interior  ploughed  up  by  a  cannonade  from  the  height,  a  gallery, 
loopholed  for  reverse  flanking  fire  along  the  ditch,  was  formed  behind  the  counter- 
scarp,  at  the  salient  angle  of  the  front  faces,  and  a  communication  made  to  it  from  the 
interior,  under  the  bottom  of  the  ditch.  The  soil  being  of  a  hard  chalky  substance, 
which  stood  vnthout  support,  fixed  the  adoption  of  this  means  of  defence  in  prefer- 
xiT.  '        ence  to  the  ordinary  caponiere,  which  requires  so  much  labour.    (Figs.  83  and  97.) 

The  parapet  of  109  was  also  cut  en  cremaiUere  to  throw  a  musketry  fire  on  the 
salient  angle  next  the  heights,  and  to  screen  the  defenders  of  its  left  face  from  the 
enfilade  fire  of  the  heights.  This  mode  of  indenting  the  parapet,  however,  was  not 
thought  a  good  measure  generally,  it  being  found  to  add  very  much  to  the  labour, 
and  to  abstract  from  the  direct  fire  of  the  work  an  equal  quantity  to  that  it  threw  in 
a  different  direction ;  besides  making  the  defence  of  the  parapet  rather  complex  for 
militia.  Therefore,  latterly,  in  those  redoubts  where  any  particular  trace  was  not 
imperious,  it  was  always  preferred  to  make  an  additional  face  to  the  work,  than  to 
leave  a  salient  angle  so  acute  as  to  necessitate  such  extra  support ;  and  at  Almada, 
this  principle  was  carried  so  far  as  to  render  the  contour  of  some  of  the  redoubts 
almost  circular.     (Figs.  79  and  84.) 

Situatimu  of  the  Works, — Many  of  the  redoubts  were  placed  on  very  elevated 
situations  on  the  summit  of  steep  hills,  which  gave  them  a  most  imposing  appearance ; 
but  it  was  in  reality  a  defect  highly  prejudicial  to  their  efllciency  and  defence,  for  the 
fire  of  their  artillery  on  the  object  to  be  guarded  became  so  plunging,  as  to  lose  half 
its  powers ;  the  musketry  could  not  be  made  to  scour  the  face  of  the  hill  sufficiently ; 
and  during  the  night  both  arms  became  of  most  uncertain  effect. 

The  domineering  situation  of  the  redoubts,  however,  gave  confidence  to  the  young 
troops  which  composed  their  garrisons,  protected  them  from  a  cannonade,  and 
screened  their  interior  from  musketry,  unless  fired  at  a  high  angle,  and  consequently 
at  random.  These  considerations  perhaps  justified  the  unusual  elevated  sites  selected 
for  most  of  the  redoubts  on  the  lines,  though  they  cannot  induce  an  approval  of  them 
as  a  general  measure.  Indeed,  the  ill  consequences  arising  from  height  of  situation 
was  so  strongly  felt  on  the  lines,  that  on  very  elevated  points,  particularly  at  Monte 
Agra^a,  in  order  to  command  the  face  of  the  mountain,  fleches,  or  small  redoubts, 
were  established  in  front  of  the  main  work  (fig.  72),  on  the  projecting  knolls  which 
afforded  the  best  flanking  points.  These  advanced  batteries  were  made  of  the  same 
strong  profile  in  front  as  the  redoubts,  and  their  gorges  were  equally  secured,  except 
that  the  rear  parapets  were  formed  as  mere  screens,  so  as  not  to  give  cover  against 
the  fire  of  the  main  work ;  and  for  the  same  object,  the  counterscarps  of  the  rear 
ditches  were  sloped  into  the  plane  of  the  parapets  of  the  commanding  work.  Even 
these  fleches,  though  nearly  doubling  the  garrison,  saw  the  face  of  the  hill  less 
perfectly  than  the  main  work  alone  would  have  done,  if  placed  on  a  height  of  a 
moderate  and  more  regular  ascent,  which  shows  that  very  elevated  situations  for 
works  are  seldom  to  be  preferred. 

At  some  points,  where  it  was  deemed  likely  that  the  troops  would  act  in  combina- 
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tion  with  Tcdoobt*  oeeupjiog  the  nuDUiiti  of  tct;  dented  knoll*,  fl^ehei  or  Sdd 
bttteria  were  prepcied  Cor  the  field  brigtdei  in  the  belt  fUnking  or  enfilading  utiix- 
lioni,  much  lower  down  an  the  face  of  the  hill.  Tbii  leemt  the  moat  judidoai  mode 
ol  occupying  t  height  u  a  field  pcnitioD,  when  the  artilleiy  can  be  placed  ander  the 
effectual  muiketij  fite  of  the  redouhtj  but  on  the*e  line*,  it  being  impoiaible  to  bm- 
•ec  wbieb  part  might  or  might  not  be  occupied  stronglj  bf  troopi,  it  was  made  a  rale 
10  put  no  utiltery  in  battery,  except  within  work*  capable  of  defending  theimelTCt. 
At  uime  points,  where  space  could  not  be  obtained  withiD  the  redoubt*,  the  gun* 
were  placed  on  a  lower  adTanced  level,  connected  on  its  Banks  with  the  defenca  of 
the  redoubt  (fig.  SO).  Some  of  the  fiank  defence*  were  limited  to  one  or  two  gnni ; 
which  could  only  b«  justified  by  the  difiiculty  an  enemy  would  find  in  paating  the  ob- 
ject they  fiied  upon.  It  ought  to  be  recdied  a*  ■  general  rale,  that  no  flank  can  be 
lonaidable  to  infantry  which  does  not  contain  al  leut  three  piece*  of  ordnance ;  and 
even  to  render  a  flank  of  three  piece*  very  destractiTe,  it  mu*t  he.  in  a  aitna^n 
of  tediou*  approach,  or  in  a  work  which  cannot  be  run  into. 

Profilt*. — The  profile  of  the  leierat  work*  laried  on  every  face  and  fiank,  according 
to  it*  liability  lu  he  attacked  or  cannonaded,  the  only  general  rule  enforced  being, 
that  all  ditches  should  be  at  least  15  feet  wide  at  top  and  10  feet  in  depth,  and  the 
crest  nf  the  ptr«p«I  bate  at  least  5  feet  command  over  the  crest  of  the  counter- 
No  parapet  exceeded  10  feet  in  thickness,  unlesi  exposed  to  be  aeierely  cannon- 
aded, and  few  more  than  6  or  8  feet ;  and  some,  on  high  knaUs,  where  artillery  could 
not  by  any  pouibility  be  brought  against  them,  were  made  of  itone  or  rubble,  leas 
tbao  2  feet  in  thickneia,  to  gain  more  interior  space,  and  allow  full  liberty  for  the  use 
of  the  defenders'  bayonelt.  Many  of  the  rear  encloiures.  when  supported  on  pred- 
pice*,  were  merely  icreena;  and  in  lome  few  case:,  on  Hie  position  near  Ribaldiera, 
they  were  left  to  the  precipice  ilielf  (fig.  76).  The  rear  of  advanced  flichea,  and 
other  iniall  works,  situated  within  good  musketry  fire  of  the  main  defences,  were 
generally  doted  with  a  leiy  open  hut  ttroog  stockade  (figs.  87  to  83). 

Id  elevated  sitnationa,  many  of  the  banquette!  were  rused  within  4  feet  of  the  crest 
of  the  parapet,  it  being  the  rale  to  fix  the  level  along  each  ftce  at  such  height  ai 
would  admit  of  the  musketry  plunging  down  the  face  of  the  hill,  or  at  least  seeing 
tome  yards  of  the  glacis. 

The  exterior  alope*  were  made  greater  or  less,  according  to  the  tenacity  of  the  loilj 

ral  ground 
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A  drawing  is  given  of  the  profile  of  several  of  the  works  in  different  situations  (figs. 
91  to  97):  that  of  the  redoubts  on  the  heights  of  Almada  (fig.  95)  deserves  particular 
attention,  as  those  works  stand  in  situations  open  to  be  violently  cannonaded ;  and  the 
lulls  forming  the  position  are  such  as  are  most  frequently  occupied  with  works ;  and 
the  profile  was  fixed  after  the  experience  gained  in  making  the  lines:  it  was  at 
follows : 

Height  of  interior  crest  of  parapet 7  ft.  0  in. 

Height  of  parapet  above  banquette 4     3 

Thickness  of  parapet 14      0 

Berm 2     0 

Breadth  of  ditch  at  top 16     0 

Depth  below  surface  of  ground 12     0 

Crest  of  glacis  below  crest  of  parapet 5     6 

In  the  profile  of  lines  of  fianked  works,  in  low  situations,  where  the  interior  space 
was  not  limited,  the  crest  of  the  parapet  was  generally  fixed  at  10  feet  above  the  level 
of  the  ground,  for  the  purpose  of  a  better  command  in  front,  and  better  covering  the 
troops ;  and  this  height  was  thought  to  be  the  best  adapted  for  attaining  a  good  de- 
fence with  moderate  labour.  Even  with  this  elevation,  no  covered- way  was  formed 
to  any  line,  but  the  crest  of  the  glacis  was  kept  6  or  6^  feet  below  that  of  the 
parapet. 

The  redoubts  of  the  lines  being  mostly  thrown  up  as  secure  emplacements  for  guns, 
and  to  procure  an  open  field  for  the  fire  of  their  artillery  being  the  principal  object 
attended  to  in  their  coustruction,  they  were  mostly  placed  on  the  summit  of  the 
heights  they  occupied,  so  that  each  face  might  have  a  full  command  of  the  ground  in 
its  front,  or  of  the  point  it  was  intended  to  protect ;  but,  in  other  situations  where 
the  object  of  a  redoubt  was  merely  to  prevent  an  enemy  occupjring  a  particular  spot, 
it  was,  wherever  practicable,  constructed  on  an  inclined  plane  on  the  reverse  of  the 
height,  so  that  only  its  most  salient  point,  or,  perhaps,  its  fit)nt  faces,  rose  over  the 
crest  of  the  hill  (fig.  98).  This  defilement  gives  the  work  considerable  protection 
from  cannonade,  and  causes  the  front  parapet  to  cover  the  rear  lines  and  the  defenders 
far  better  than  if  constructed  on  a  horizontal  plane,  and  should  generally  be  adopted 
in  situations  where  an  enemy  cannot  establish  batteries  in  its  rear,  and  invariably  in 
the  construction  of  lunettes  or  flcches  in  advance  of  a  fortress;  as  beyond  the  advan- 
tages above  mentioned,  it  causes  the  interior  of  the  work  to  be  completely  seen  from 
the  place. 

In  this  construction  the  rear  enclosure,  whether  palisades  or  a  wall,  should  be  made 
of  a  strength  to  resist  light  howitzer  shells  pitched  over  the  parapet,  but  not  so  strong 
as  to  afford  cover  against  the  heavy  guns  of  the  place. 

Stores  and  Provmotis. — In  each  redoubt  wholesome  casks  were  provided,  and 
placed  in  security,  to  contain  four  quarts  of  fresh  water  per  man  for  the  calculated 
garrison,  besides  the  tubs  with  water  for  the  use  of  the  Artillery:  and  a  d^p6t  of  in- 
trf^nching  tools  was  also  provided,  in  the  following  proportions : 

Shovels.     Pickaxes.  Felling-axea. 
Works  for  400  men 10  6  3 

„  300     „ 8  4  2 

200     , 7  4  2 

Smaller 6  3  2 

Monte  Agra^a,  proportion  for  1500  men. 

Magazines. — The  magazines  were  formedof  splinter-proof  timbers,  about  10  inches 
by  8,  placed  at  an  angle  between  45"  and  50°  against  a  substantial  traverse ;  and 
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wbemer  tn  effidant  drain  could  be  mtde  iround  tbem,  their  Soon  vere  aunk  one, 
two,  three,  *ad  evea  four  feet  below  the  leiel  of  the  interior  of  the  work ;  which  a.- 
caration,  ind  the  reUUve  height  of  the  redoubt  with  respect  to  the  grauod  in  its 
ridnit]',  serred  to  regulate  the  length  of  the  timber,  bo  m  to  have  the  top  of  the 
■ntguine  sheltered  from  direct  fire. 

The  magsziaes  were  lined  internally  with  plank,  and  gtrengtheaed  externally  with 
2  feet  of  earth  in  aaud-bagi.  over  which  taipaulini  were  tpread ;  and,  thus  protected, 
these  magazines  were  found  lufficienllj  dry. 

Platcokms.— The  plitformg,  aa  originally  laid  down,  consisted  nerelf  of  aplank  for 
each  truck,  but  during  the  lummer  and  autumn  of  ISIO  they  were  all  replaced  by 
platforms  of  ordinary  conatructioii.  Many  of  the  redoubts  being  on  undulating  heights, 
and  the  gnns  being  mounted  on  eitremely  low  carriigea,  it  required  undeiiating  at- 
tention to  keep  the  front  of  the  platfonn  on  a  sufficiently  high  level  to  ensure  Ibe  guns 
clearing  the  intennediate  swell  of  the  height,  so  as  to  strike  an  object  at  the  foot  of 
the  slope.  In  such  lituations,  the  eye  will  fi^quenll}'  attain  an  object  which  the  gun 
on  its  lower  level  will  cot. 

Palibadsb. — The  palisades  in  the  ditches  were  mostly  young  fir-treea  from  4  to  5 
inches  in  diimeler,  roughly  pointed,  and  filed  3  or  4  feet  into  the  ground,  with  a 
riband  very  low  down,  and,  when  the  ditches  were  broad,  much  nearer  the  counter- 
Bcarp  than  the  acarp. 

In  the  lut  campaign,  the  palisades  of  the  redoubts  thrown  up  near  the  Montagne 
de  la  Couronne,  in  the  Pyreneea,  where  wood  was  plentiful  and  cost  nothing,  were 
made  of  trunks  of  trees  placed  close  together  at  the  foot  of  the  escarp,  and  were  found 
almost  equal  to  a  masonry  revetment. 

The  beat  disposition  of  the  ordinary  palisadea,  in  works  with  wide  ditches,  was 
tboagbt  thai  adoped  for  the  advanced  redoubt,  No.  109,  at  the  posilion  of  Oeyraa 
(Gg.  97),  where  they  were  fixed  as  fraiies  along  the  countencarp,  ahout  2  feet  below 
it*  creat,  with  an  inclination  lowarda  the  bottom  of  the  ditch.  Praises  in  that  utua- 
tion  are  little  likely  to  be  injured  by  B  front  fire  of  cannon  or  howitzers,  and  the 
manual  operation  of  cutting  them  away  is  eitremely  difficult,  besides  the  men,  wbilat 
ao  employed,  being  exposed  to  the  fire  from  the  parapet  of  the  work.  This  mode  of 
filing  fraises  was  also  partially  applied  to  some  salient  aoglea,  on  the  approach  to 
which  little  fire  could  be  brought. 

It  should  be  observed,  however,  that  fraises,  being  much  more  liable  to  he  broken 
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The  great  object  of  defenee  should  be  to  contrive  some  expedient  to  check  the  as- 
sailants, and  cause  them  to  halt,  if  only  for  two  or  three  minutes,  under  a  close  fire 
of  musketry  from  the  parapet.  Such  an  advanced  obstacle  has  ten  times  the  effect  of 
one  of  equal  difficulty  opposed  to  an  assailant  when  he  has  dosed  with  the  defenders 
of  a  work.  He  knows  that  in  the  latter  case  he  has  but  to  overcome  one  difficulty  to 
obtain  complete  success,  whereas  in  the  former  case  the  troops  exhaust  their  ardour, 
and  lose  their  formation,  on  a  mere  preliminary  effort ;  and  every  one  must  have  fSelt 
how  extremely  difficult  it  is  to  revive  confident  boldness,  and  restore  order  for  a  second 
effort  after  a  check. 

Fir-trees  were  found  the  least,  and  olive-trees  the  best,  adapted  to  form  abattis. 
Trous-de-loup. — The  trous-de-loup  were  at  first  made  of  the  ordinary  dimensions 
and  numbers ;  but  subsequently  an  increased  number  of  rows  (eight  or  ten)  of  pits, 
only  2  feet  or  2  feet  6  inches  in  depth,  well  staked  at  bottom  and  in  the  intervening 
spaces,  were  considered  preferable,  as  affording  no  cover  within  them  for  men  to  fire 
on  the  work  before  which  they  might  be  placed,  and  presenting  great  impediments 
to  the  advance  of  an  assailant. 

During  the  occupation  of  the  lines,  trous-de-loup  were  formed  in  front  of  part  of 
the  position  of  Via  Longa,  consisting  of  a  triple  row  of  inverted  cones,  9  or  10  feet  in 
diameter  at  top,  and  of  the  same  depth.  These  were  found  to  be  a  most  formidable 
obstacle,  but  were  perhaps  larger  than  absolutely  required,  as  it  is  only  necessary  that 
trous-de-loup  should  be  of  a  depth  to  prevent  an  assailant  getting  into  them  and 
firing  over  their  tops,  which  7  or  8  feet  will  effect. 

Whenever  practicable,  from  the  heighta>f  the  profile  or  the  fall  of  the  ground,  the 
rows  of  trous-de-loup  were  concealed  and  protected  from  cannonade  by  forming  an 
advanced  glacis  with  the  earth  excavated  from  the  pits. 

Artillery. — The  provision  of  artillery,  ammunition,  and  artillery  stores,  was 
arranged  by  the  Portuguese  in  the  arsenal  at  Lisbon,  on  memoranda  sent  from  time 
to  time  by  the  Commanding  Engineer,  and  the  guns  were  mounted  by  parties  of 
Portuguese  gunners  detached  from  thence,  as  the  works  were  prepared  to  receive 
them.  It  was  gratifying  to  observe,  on  these  occasions,  by  what  persevering  and 
patient  labour  the  peasantry,  with  their  rude  means  of  transport  (merely  the  common 
cars  of  the  country,  pushed  forward  by  oxen),  succeeded  in  transporting  12-pounder8 
into  situations  where  wheels  had  never  before  rolled,  and  along  the  steep  sides 
of  mountains  where  horses  would  have  been  useless. 

Although  the  armament  of  the  lines  ultimately  amounted  to  nearly  double  the 
number  of  pieces  of  ordnance  originally  contemplated,  the  zeal  and  perseverance  of 
the  Portuguese  General  Rosa  smoothed  all  difficulties,  and  his  activity  and  resource 
seemed  to  render  the  supply  of  guns,  ammunition,  and  the  means  of  transport,  inex- 
haustible ;  and,  highly  to  his  credit,  everything  supplied,  through  rude  and  incon- 
venient, proved  efficient  and  substantially  good.  The  Portuguese  officers  and 
gunners  employed  on  this  duty  were  also  zealous  and  active,  and  took  extremely 
good  care  of  their  stores  and  ammunition.  Their  numbers,  assembled  on  the  lines, 
amounted  to  3208,  regulars  and  irregulars. 

Calculation  of  Garriaoru. — As  a  general  rule,  tlie  garrisons  of  the  redoubts,  and 
the  number  of  troops  required  to  man  the  retrenchments,  were  at  the  commencement 
calculated  on  an  allotment  of  two  men  per  yard  running  of  parapet  for  all  lines ;  but 
after  some  time,  this  calculation  was  deemed  too  considerable,  and  the  numbers  were 
fixed  at  two  men  per  yard  running  for  all  front  lines,  and  one  man  per  yard  for 
all  rear  lines,  deducting  for  the  spaces  occupied  by  the  artillery ;  an  addition  to  or 
deduction  from  these  numbers  being  made  by  the  Commanding  Engineer  in  all  cases 
where  deemed  expedient  from  local  causes. 
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Admitting  each  nun  to  require  thr«e  feet  to  enable  him  to  dk  hii  niuaket  trttlj, 
tim  latter  calculation  will  (wbaterei  be  the  figure  of  the  work)  enanre  Ihe  panpet 
bdng  luffieientljr  manned,  and  leave  i  reiene  to  mpplf  the  place  of  thou  kilted,  or, 
in  Urge  works,  to  charge  the  fint  of  the  aiaailanli  who  may  penetraM  into  the 
interior.  It  wai  therefore  deemed  preferable  to  the  more  tcientific  formula  for 
allotting  a  man  to  a  certda  number  of  iquare  feet  of  the  interior  apace,  nhich  mle, 
though  well  calculated  to  apportion  the  garriaon  of  every  nied  work  in  a  wmilar 
ratio  between  its  interior  apace  and  ita  length  of  puapel,  aeemi  too  much  the  reiult 
of  theory,  nMch  requires  that  eacbman  of  a  garriaon  sboiild  bive  a  certain  space  for  hia 
accommodation;  whereuin  practice  auch  does  not  appear  to  be  easenliallj  necetaary ; 
for  till  the  moment  of  being  menaced  with  an  attack,  many  of  the  ginison  of  each 
work  will  be  kept  on  the  watch  on  Ihe  (kce  of  the  hill,  and  othera  be  permitted  to 
amuae  theniielies  in  its  rear.  All  cooking,  &c.,  is  also  performed  outside  of  tbe 
work,  ao  that  it  is  only  at  night,  or  during  the  action  which  decides  the  fate  of  the 
poaition,  that  the  garrisons  are  elotelf  abut  Dp,  aod  then  at  least  one-third  ahould  be 
kept  conataotly  alanding  or  sitting  under  arms  on  the  benquette.  Betide*  this,  every 
figure,  from  tbe  triangle  to  Ihe  circle,  variea  in  the  proportion  the  content  bean  to 
the  periphery,  and  it  ia  on  the  letter  only  that  the  defehce  hingea. 

SCAHPa. — The  scarps  were  formed  by  cutting  the  front  slopes  of  ranges  of  heights 
near  their  summit  as  perpendicularly  as  the  soil  or  rock  of  which  they  were  composed 
could  be  made  to  stand,  or  on  such  irregularity  of  level  aa  presented  tbe  greatest 
facility  for  making  a  perpendicular  cut. 

Tbe  chief  difficulty  in  liacing  a  line  (o  be  icarped  waa.  to  find  portions  of  the  aaceat 
anfflcieutly  aleep,  that  when  cut  to  the  required  angle,  the  baae  should  not  form 
a  road,  which  might  serve  as  a  breathing  end  rallying  point,  and  unleal  Banked,  a 
aecnre  communication  to  an  assailant.  Fig.  No.  90  ia  a  aection  of  a  icarp  of  nearly 
two  mile*  in  length,  formed  along  tbe  aummit  of  the  front  of  the  position  of 
Alhandra,  in  August  and  September,  ISIO.  Much  of  the  upper  20  or  30  feet  of  that 
range  of  heights  was  found  to  be  a  ledge  of  predpilous  rock  only  covered  with  a  few 
feet  of  earth  ;  which  covering  being  removed  and  thrown  down  the  face  of  the  hill, 
the  rock  behind  it  waa  readily  made  inaurmoun table  to  infantry  by  means  of  blasting. 
At  other  points  a  apeciea  of  aandttone,  which,  when  cut  through,  stood  nearly 
perpendicular,  afforded  great  Aunlity  to  the  formation  of  the  acarpa;  indeed,  without 
some  natural  aid,  scarping  will  seldom  be  foond  practicable. 
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be  used ;  but  generally  the  heights  over  which  the  main  commnmcation  passed  were 
rocky  or  abounded  with  loose  stones  and  other  materials  which  readily  formed  into 
firm  roads.  Fig.  96  is  a  section  of  the  covered  road  commenced  at  Almada,  and 
intended  to  be  carried  from  the  right  to  the  left  of  that  position. 

Telegraphs. — The  telegraphs  were  composed  of  a  mast  and  yard,  from  which  latter 
balls  were  suspended ;  the  'vocabulary  used  was  that  of  the  Navy,  many  sentences 
and  short  expressions  peculiar  to  the  land  service  being  added.  These  telegraphs 
readily  communicated  vrith  each  other,  at  the  distance  of  seven  and  eight  miles ;  but 
in  consequence  of  the  ranges  of  hills  interrupting  the  view,  it  required  five  principal 
stations  to  communicate  along  the  front  line,  viz.  at  Alhandra,  Monte  Agrafa, 
N.  S.  de  Socorra,  Torres  Vedras,  and  Redoubt  No.  30,  in  rear  of  Ponte  de  RoL 

INTERMEDIATE   WORKS. 

Before  proceeding  to  the  consideration  of  Permanent  Fortification,  it  may  be  no- 
ticed that  there  are  two  classes  of  works  which  may  be  said  to  occupy  an  interme- 
diate position ;  viz.  Placet  du  Moment,  which  posseils  the  general  character  of  consi- 
derable fortresses,  but  are  in  great  measure  constructed  only  of  earthwork;  and 
Detached  Forts,  which  have  the  general  character  of  Field-works,  but  are  ordinarily 
constructed  of  permanent  materials,  with  revetments,  &c.,  and  placed  in  connection 
vfith  a  regular  system  of  Fortification. 

FORTRESSES,    FIELD,   OR   PLACES   DU   MOMENT.* 

**  Placet  du  moment,  qui  peuvent  £tre  eonitniitea  en  terre,  d«ns  le  counnt  d'nne  eampagne,  n'en  tont 
pM  moins  riellement  des  places  de  gaem.**-~Ea»ai  OSnSral  de  Fortijlcatiom,  Utto  ▼.  chap.  ix. 

The  judicious  emplacement  and  construction  of  placet  du  moment  must  be  of 
interest  in  our  Service,  as  there  are  so  few  fortified  places  in  the  British  dominions. 
Tet  they  have  all  the  properties  and  consequences  of  fortresses,  of  which  they  may  be 
deemed  those  of  the  least  value.  But  if  we  go  back  to  the  Peninsular  War,  subse- 
quent to  the  publication  of  the  '  Essai  General,'  we  shall  find  that  the  place  du 
moment,  or  Jield  fortrett,  was  of  great  importance ;  for  example,  Saragossa,  con- 
structed by  the  Spaniards, — Burgos  and  Salamanca,  by  the  French, — and  Abrantet 
and  Peniche,  by  the  English.  Bousmard  considers  these  works  under  the  term  of 
intrenched  posts,  executed  vnth  sufficient  care  to  prevent  a  coup  de  main,  and  to 
oblige  an  enemy  to  go  through  all  the  preliminaries,  and  frequently  the  whole  pro- 
cess, of  a  regular  siege, — in  reality,  fortresses. 

Works  of  this  nature  should  only  be  undertaken  when  there  is  ample  time  to 
execute  them  with  care  and  solidity,  and  when  local  circumstances  favour  their  con- 
struction. Among  the  latter  advantages,  an  old  town  wall,t  large  substantial  build- 
ings whose  walls  cannot  be  destroyed  by  field  artillery,  and  which  can  be  well 
secured  by  blindages, — inundations,  escarpments,  and  abattis,  serve  as  excellent 
accessories  in  front,  to  be  connected  by  substantial  redoubts,  protected  by  block- 
houses and  fougasses. 

To  render  this  description  of  fortress  of  value,  it  must  be  well  armed,  with  at  least 
12-pounders  and  6-inch  howitzers  and  mortars:  light  traversing  platforms  should  be 

*  From  the  Corpc  Papers,  vol.  iz. 

t  "  Ce  sont  ces  places  du  moment,  si  je  peux  m'exprimer  ainsi,  qui  ont  soutenu  les  sieges  les  plus 
Tigourenx,  e'est  qu'nn  commandant  qui  fait  rearer  one  mauraise  enceinte,  imaginer  les  obstacles, 
les  faire  naitre,  les  avanccr,  pour  ainsi  dire,  sur  les  pas  de  I'assi^geant." — ChUbert,  '  K»»ai  Oiniral 
de  Taetique,*  second  part,  chap.  x\\. 
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pUoed  in  tbe  lalients,  u>d  gronnd  plitfomi  id  tbe  fluikii  eiiMiiM  mkgtzinn  pro- 
vided for,  with  » luflicient  lupjil;  of  inter,  proTiiioaa,  and  storei. 

Placa  d»  monimt  ought  to  be  of  iiifficient  extent  to  require  \t  leait  1800  men,  or 
the;  become  mere  field-poats;  the;  are  applicable  to  defeDnve  and  oflTeniiie  oper*. 
tioni,  where  it  is  obvious  what  lite  to  choose  and  what  importance  it  i>  deiirable  to 
give  to  the  works  in  relation  lo  the  object,  the  number  of  troops,  and  provisionment 
to  tpare.  Regular  fortresses  are  constructeil  at  a  vast  eipeose,  and  the  position  not 
■Iwayi  applicable  to  tbe  drcanHtancei  of  the  moment. 

G.  G.  L. 

FORTS,  DKT ACHED. 
Uauallf  placed  in  front  of  marilime  fortresses,  to  secure  the  arsenal  from  bom- 
bardment at  a  distance  of  from  3000  to  4000  yarda :  they  ahould  be  secure  against 
■  coup  de  main,  and  constructed  ao  ai  lo  resist  a  regular  siege,  and  sufficiently  near 
each  other  to  obtain  &om  artillery  a  cross  as  well  as  a  collateral  fire.  Delarhtd  Farli 
ahonld  also  be  placed  at  tbe  prindpal  points  which  command  the  anchorages,  to 
prevent  ■  bombardment  from  the  >ea ;  and  the  body  of  the  place,  or  enceinte,  b  rear 
of  them,  may  be  either  a  limple  loopholed  wall,  &  la  Carnol,  or  rampart,  ditch,  and 
covert-way,  with  or  without  ontworiu,  according  to  the  importance  of  the  fortreu 
and  the  means  of  relieving  it. 

Detached  Forte  have  lately  been  placed  from  BOO  lo  1200  yards  in  front  of  atrage- 
getical  foitreaaei,  aa  at  Paria,  Lyona,  Mayence.  and  Cologne. 

In  the  description  of  the  Germini  Syileai  of  Ftrlificaliim,  by  General  Brcze,  a 
minute  detail  ia  given  of  the  advantages  of  thia  mode  of  fortifying  places,  as  explained 
in  Platea  I.  and  HI. :  in  all  cases  detached  forts  sboold  be  flanked  all  round. 

The  figoree  in  the  Plate  of  Detached  Forts  explain  the  French  system,  as  adopted 
at  Paiii  and  Lyona. 

Hg.  I  represents  some  connecting  forts  around  the  vill^e  of  St.  Denia,  iriiich  pro- 
tect each  other  by  a  collateral  fire ;  the  intermediate  ground  to  be  inundaled.  Their 
front*  vary  from  328  to  SZ7  yards,  and  they  are  in  advance  of  tbe  enceinte  eonthiue 
abont  1100  yarda. 

Fig.  2  forms  part  of  a  range  of  forts  to  cover  Lyons  on  the  left  bank  of  the  Rhone, 
vrbieh  are  constrecied  in  low  ground.  Fori  dee  Breleaux  has  three  ft^nts  of  2H 
yards,  with  a  gorge  of  437  yards :  the  latter  contains  the  barrack  and  magazine.  The 
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One  obsenntioii  is  necesstry  in  oonclndon,  which  appears  to  be  omitted  by  most 
of  the  advocates  of  fortifying  with  detached  works,  however  applicable  they  may 
be  to  circumstances, — that  they  want  the  homogeneous  character  of  a  fortress ;  and 
it  is  conceived  that  eight  detached  forts  can  never  be  equal  to  an  octagon  of  a  similar 
construction. 

The  division  of  the  force,  resources,  and  responsibilities,  all  tend  to  weaken  the 
value  of  detached  forts,  except  in  advance  of  a  fortress  of  some  strength. 

Adraneed  Foritt  placed  beyond  the  covert-way  within  musketry  fire,  must  be  con- 
sidered distinct  from  those  called  detached,  such  as  lunettes  k  la  Dar^n,  and  other 
works  open  at  the  gorge :  they  should  however,  if  possible,  be  countermined,  and 
secure  firom  a  coup  de  main.  G.  G.  L. 

PERMANENT    FORTIFICATIONS. 

As  mentioned  in  the  preliminary  remarks  on  Fortification,  page  1 ,  the  great  prin- 
ciples of  defence  always  remain  the  same ;  it  is  only  the  degree  to  which  these  prin- 
ciples can  be  carried  out  that  constitutes  the  difference  between  Permanent  and 
Field  Fortification.  The^  principles  will  not  therefore  be  recapitulated,  but  some 
observations  vrill  first  be  made  upon  the  simplest  methods  by  which  they  are  put  in 
practice  in  permanent  works ;  and  the  different  systems  of  Fortification  employed  or 
recommended  by  some  of  the  most  celebrated  engineers,  vrill  then  be  treated  of. 

PART   I. — SECTION   I. 

Profile. — The  great  difference  in  Profile  between  a  permanent  and  a  field  work,  is 
the  increase  of  the  command  of  the  parapet  and  of  the  depth  of  ditch.  The  former 
of  these  enables  the  defenders  to  have  a  better  view  of  the  surrounding  country,  and 
also  to  interpose  other  works  in  connection  with  the  main  work,  between  themselves 
and  a  besieging  army ;  the  latter  offers  an  increased  obstacle  to  assault. 

Rampart. — The  increased  command  over  the  country  is  usually  obtained  by  raising 
the  parapet  on  a  mass  of  earth  called  a  rampart.  Its  upper  surface  or  terreplein  is 
ordinarily  made  about  40  feet  wide,  measured  from  the  interior  crest,  and  allows 
ample  room  for  the  working  of  heavy  guns,  and  for  the  passage  of  carts,  etc.  behind 
them.  Its  interior  is  usually  left  at  the  natural  slope  of  the  ground,  along  which 
Ramps  are  made  at  convenient  intervals ;  this  slope  is  in  some  cases  replaced  by  a 
wall. 

Scarp  Walii. — Along  the  front  of  the  rampart  and  extending  to  the  bottom  of 
the  ditch,  a  wall,  of  which  there  are  various  forms  in  use,  is  generally  built.  This 
wall  should  be  for  important  works  at  least  30  feet  high,  as  a  less  height  would 
not  offer  security  against  escalade. 

The  different  forms  of  Scarp  Walls  or  Revetments  are  as  follows : — 

1.  The  Full  Revetment  (see  Permanent  Fortification,  PI.  I.  fig.  1),  in  which  the 
wall  runs  up  to  meet  the  superior  slope  of  the  parapet. 

2.  The  Demi-revetment  (fig.  2),  which  is  generally  carried  a  few  feet  above  the 
level  of  the  country. 

3.  The  Chemin  des  rondes  Revetment  (fig.  3),  in  which  the  wall  is  separated 
from  the  parapet  by  a  small  space,  permitting  a  passage  between  it  and  the  exterior 
slope,  and  is  provided  with  a  banquette  for  musketry  fire.  Its  top,  as  in  the  demi- 
revetment,  is  usually  a  few  feet  above  the  level  of  the  country. 

*  By  Captain  C.  S.  Hatehinaon,  R.  E. 
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4.  The  Indepeodeot  Scarp,  or  Camot'i  Wall  (Gg.  4),  which  ii  altogether  de. 
taehed  from  the  panpet,  the  exterior  ilope  being  earned  do*a  nuilj  to  the  level 
of  the  bottom  of  the  ditch.  It  ia  luuaU;  loopholed  near  the  bottom,  the  loopholes 
being  formed  in  receuea. 

OnmlerfirU. — It  is  cuitomtry  to  add  eonnterfartt  of  varioua  fbnni  (a, a, a,  flgi.  I, 
2, 3)  behind  scarp  wtUi.  Theie  give  increaied  itabilily  to  the  wait  hj  their  weight ) 
impede,  by  friction  Qpon  their  roogh  Bides,  the  preaiure  of  the  earth  agiiiut  the  back  of 
the  wall ;  and  alao  render  more  difficult  the  fonnation  of  breachei.  Tbeir  fonn  on  plan 
ii  dtberrectangnlar,  dovetailed,  or  dimiiii>hed(Sg.  5  a,  i,c),  and  they  are  placed  at  in. 
terral*  of  from  1 6  to  20  feet ;  tbeir  length  being  from  5  to  8  feet,  and  their  thickneu 
from  4  to  6  feet.  By  tbeir  dk  the  thickneu  of  the  wall  loar  be  much  diminished, 
and  if  arches  are  (umed  between  them,  as  shown  in  fig.  6,  the  formation  of  breaches 
becomes  an  exceedingly  difflcnlt  operaUon,  owing  to  the  small  quantity  of  earth  that 
would  follow  the  fall  of  the  wall  until  the  counterforts  or  arches  were  destroyed. 
In  some  positions  the  chambers  fonned  between  the  counterforts  may  be  converted 
into  galleries  for  mosketry  fire,  the  wall  being  loopholed, 

Cou^ritOK  of  the  d^fftrtKl  Scarji  WaUi — In  comparing  together  these  different 
forms  of  wall,  adapted  to  parapets  of  the  same  relief,  it  will  be  readily  perceived 
that— 

Irt.  Ai  an  obatacle  to  escalade  (when  uninjured),  the  detached  revetment  la  moat 
formidable,  from  the  fact  of  the  besieger  having,  when  mounted  on  the  top  of  the 
wall,  to  revene  his  ladders,  an  operation  which  may  well  be  considered  desperate  in 
the  face  of  a  vigorous  resistance.  The  full  revetment,  on  account  of  its  great  com- 
parative height,  [«nka  next  in  the  tcale  of  difficulty,  «s  alto  becaate  the  beaiegera  are 
exposed  to  the  direct  fire  of  the  parapet  at  the  instant  when  their  heads  appear  above 
the  wall. 

Next  comes  the  Chemin  dea  roude*  Revetment,  which,  though  much  lower  than 
the  full,  enables  the  garrison  to  lay  hold  of  the  ladders  and  upiet  them,  and  also  to 
bayonet  the  enemy  aa  they  reach  the  top  of  the  wall. 

The  Demi-reretment  ofl^  the  least  impediment  to  eicalade,  &om  being  low,  and 
bom  the  enemy  being  able  to  aaiemhle  at  the  foot  of  the  exterior  slope,  unseen  by 
the  direct  fire  of  the  parapet. 

2Dd.  As  regards  security  against  breacbii^  by  dialant  fire,  the  Demi -revetment 
ranka  first,  being  generally  entirely  oi  nearly  screened  from  an  enemy's  view  hy  the 
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1.  Chemin  des  rondes  revetment. 

2.  Demi  reyetment. 

3.  Detached  revetment. 

4.  Full  revetment. 

As  may  be  readily  seen  on  reference  to  figs.  1,  2,  3,  4,  where  the  wall  is  supposed  in 
each  case  to  be  breached  to  the  same  level  above  the  bottom  of  the  ditch,  and  the 
earth  supposed  to  separate  at  an  angle  of  45^ 

4th.  As  regards  economy  of  space,  the  order  of  advantage  follows  that  of  the 
figures,  as  is  evident  on  inspection.  Besides  the  differences  of  form  already  ex- 
plained, revetment  walls  may  be  either  countersloping  (fig.  1),  sloping  (fig.  3), 
leaning  (fig.  2),  or  rectangular  (fig.  6).  The  sloping  revetment  ensures  the  greatest 
amount  of  stability  with  the  least  expenditure  of  material,  but  is  more  liable  to  decay, 
from  the  g^wth  of  vegetation  in  the  joints  of  the  masonry,  and  is  more  favourable  to 
escalade  than  the  countersloping  revetment,  the  use  of  which  would  therefore,  in 
most  cases,  appear  preferable.  When  the  spaces  between  the  counterforts  are  arched 
over,  and  the  pressure  of  earth  upon  the  back  of  the  wall  thus  removed,  rectangular 
revetments  might  of  course  be  employed. 

Fig.  7  shows  what  may  be  the  profile  of  a  permanent  work  with  a  demi-revetment 
under  ordinary  circumstances. 

Covert-way. — Between  the  counterscarp  and  crest  of  glacis  a  space  called  the 
**  Covert- way  "  is -usually  left;  the  glacis  forms  its  parapet,  and  it  is  provided  with 
a  banquette  for  musketry.  It  is  commonly  made  about  11  yards  wide  from  crest  of 
glacis  to  top  of  counterscarp,  which  affords  room  for  all  the  operations  of  the  defence, 
and  yet  is  not  sufiScient  to  allow  of  an  enemy  forming  a  battery  on  its  terreplein. 

The  counterscarp  is  usually  either  wholly  or  partially  revetted  with  masonry,  ex- 
cept in  the  case  of  a  wet  ditch,  where  it  might  be  wholly  of  earth.  The  covert-way 
is  a  work  causing  little  expense,  and  is  of  g^reat  utility.  It  enables  the  garrison  to 
post  sentries  on  the  further  side  of  the  ditch,  thus  guarding  against  surprise ;  it  faci- 
litates the  execution  of  sorties ;  it  permits  of  a  galling  and  destructive  fire  of  mus- 
ketry being  directed  on  the  besiegers  when  they  arrive  near  the  place,  and  also  aids 
the  admission  of  reinforcements  and  supplies  into  the  fortress. 

The  musketry  fire  from  the  main  work  should  defend  the  interior  of  the  covered 
way,  and  to  do  this  should  pass  within  at  least  4  feet  of  the  edge  of  the  counter- 
scarp. 

Glacis. — The  Glacis,  which  forms  the  parapet  of  the  covert-way,  is  usually  given 
a  command  of  7'  or  8'  above  the  country,  its  outer  surface  having  a  gentle  slope  to 
the  front,  so  as  to  allow  of  its  being  swept  by  the  artillery  fire  of  the  main  work. 
Hence,  the  more  distant  is  the  crest  of  the  main  work  and  the  less  its  command  over 
the  crest  of  the  glacis,  the  more  gentle  should  be  the  slope  of  the  latter.  The  mini- 
mum  limit  to  this  slope  is  determined  by  the  consideration  that  the  besiegers'  lodg- 
ments would,  if  it  were  made  too  gradual,  command  the  crest  of  the  glacis  when 
still  at  a  considerable  distance  from  it ;  and  also  that  the  more  gentle  the  slope,  the 
greater  is  the  diflliculty  of  applying  it  to  irregularities  of  ground.  For  these  reasons 
it  has  been  considered  advisable  never  to  give  it  a  less  inclination  than  1  in  30. 

Construction  of  Profile. — The  following  then  are  the  conditions  which  it  is  desir- 
able to  adopt  in  constructing  the  profile  of  any  permanent  work : — 

1st.  The  scarp  wall  should  be  covered  by  the  glacis  to  as  great  an  extent  as  pos- 
sible from  the  view  of  an  enemy  situated  on  the  most  commanding  point  in  the 
neighbourhood  within  breaching  distance.  (This  of  course  is  possible  in  the  case  of 
a  full  revetment,  only  when  the  work  is  situated  on  an  eminence,  with  no  equally  high 
ground  in  its  neighbourhood.) 

VOL.  II.  C 
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2nd.  The  iniiiketrj  Bra  from  tha  parapet  of  the  main  work  ihonld  dttead  the 
coTered  wiy. 

3rd.  The  glacii  ihonid  be  inept  throughout  bj  a  Are  of  irtillery  from  the  m^ 

Suppoaln;  then  that  the  greateit  admiaaible  depresiioo  of  mmketrj  fire  is  ^,  end 
that  the  artilleij  Gre  proceeds  from  pini  mouDted  on  gtrriton  carriBges,  which,  with 
parapets  S  feet  high,  would  raiae  the  muzztei  to  within  about  i'  9"  of  the  creit,  in 
order  that  condiliona  Noa.  2  and  3  mij  be  fulfilled,  the  crett  of  the  work  mnit  not 
be  below  a  plane  pouiog  parallel  to  and  S'  9'  above  the  ilope  of  the  glacii,  nor 
above  a  plane  having  an  inclination  downward  of  ^  and  paulng  not  more  than  4 
feet  above  the  edge  of  tfae  eouatencarp. 

It  maj  hence  be  readily  leen  lb*t  the  alope  of  the  |Uci«  and  width  of  the  ditch 
■re  ■DUtniUj'  dependent  on  each  other.  If  drcamitances  require  the  nae  of  ■  nar- 
row ditch,  and  contequentl;  ■  low  command  (in  order  to  lecmit  mniketr;  defence  to 
the  eoTert-wif).  a  gentl;  doping  glaci)  will  be  the  result:  on  the  contrtr?,  a  ateep 
glacii  prodncei  a  high  command,  and  a  wide  ditch  becomea  therefore  necessary,  in 
order  that  condition  No.  2  ma;  be  fulfilled.  In  case  a  steep  glads  and  narrow  ditch 
are  both  required,  it  will  be  inpoaaibte  to  falGl  both  the  2nd  and  3rd  conditions ;  and 
in  ordinary  caaea  it  ia  most  important  to  defend  the  covert-way,  which  baa  no  other 
defence,  while  the  glacis  ia  usually  flanked  by  some  other  work. 

Another  point  to  be  attended  to  ii,  that  if  the  enemy  can  Mtablish  himself  npon 
ground  within  range  of  and  commanding  the  crests  of  the  glacis  and  main  work,  the 
terrepleina  of  the  covered  way  and  rampart  should  be  defiladed,  or  msde  parallel  to 
planet  palling  through  that  ground  and  the  respective  eresta. 


TVoee. — To  carry  out  the  great  principle  of  ao  arranging  the  woriia  of  a  fortreu 
that  the  defenden  may  be  able  to  use  their  weapona  with  the  fntleit  eBb^t  againit  an 
enemy  ^m  the  lime  he  appean  within  range  up  to  the  moment  of  personal  colliuon, 
it  become!  neceiury  to  make  aome  provi^on  (not  hitherto  mentioned)  by  which  the 
exterior  slope,  facea  of  the  escarp  and  connlerscarp,  and  the  bottom  of  the  ditch,  may 
he  hronght  under  fin. 

Thi*  has  been  iccompliahed  in  two  ways : — 

Ist.  By  breaking  up  the  sides  of  the  polygon  (which  may  be  snppoaed  to  surronnd 
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into  a  amall  space,  and  thui  rendering  them  pecnlitrlj  exposed  to  the  effects  of  ver- 
tical  fire ;  also  a  breach  occurring  in  a  small  bastion  would  be  likely  to  open  the 
whole  of  the  interior,  and  thus  prevent  the  garrison  from  showing  a  front  larger  than 
that  of  the  storming  party. 

Supposing  then  that  the  relief  of  the  flanks  is  fixed  u  a  b  of  b*  (fig.  9),  and  that 
the  musketry  fire,  with  the  greatest  admissible  depression,  reaches  a  plane  passing 
about  4  feet  above  the  bottom  of  the  ditch  in  c  and  ^,  draw  a  line  D  0  (fig.  8), 
along  which  to  measure  the  curtain,  and  another  line,  D  F,  about  300  yards  long, 
making  with  D  O  an  angle  whose  tangent  is  ^.  Draw  D  E  for  the  direction  of  one 
flank,  making  with  D  F  an  angle  of  90""  or  95°.  Along  DFsetoffDC»Jc  (fig.  9) ; 
through  C  draw  C  B  parallel  to  £  D.    If  the  flanks  have  both  the  same  relief,  D  B 

will  be  half  the  curtain ;  if  they  have  not,  draw  B  C  »  ---,  and  making  the  angle 

o 

CB  0  «  C  B  D,  through  C  draw  CD',  inclined  to  the  curtain  similarly  with  C D, 
and  therefore  equal  or  very  nearly  equal  to  e^<f  in  the  profile.  DD^  will  be  the 
length  of  the  curtain  to  obtained,  that  it  may  receive  a  complete  musketry  defence 
from  the  parapets  of  the  flanks.  Draw  the  flank  D'  E'  and  the  other  line  of  defence 
ly  F",  simiku-ly  to  D  E  and  D  F.  This  construction,  if  the  relief  of  the  flanks  is  at  all 
considerable,  will  give  longer  flanks  than  desirable;  if  so,  let  the  inclination  of  D  F  to 
the  curtain  be  diminished,  until  the  length  of  the  flank  is  no  more  than  requisite. 
If  the  angles  of  the  polygon  surroonding  the  position  be  those  of  a  square  or  pen- 
tagon, the  inclinations  of  the  lines  of  defence  to  the  curtain  should  not  exceed  angles 
whose  tangents  are  ^  and  f  respectively ;  so  that  the  salient  angles  of  the  bastions 
may  not  become  too  acute.  It  will  also  frequently  happen  that  if  the  lines  of  defence 
are  kept  at  the  full  length  of  300  yards,  the  exterior  side  will  become  too  long  for  the 
site  required  to  be  occupied  by  the  bastioned  front.  The  lines  of  defence  will  have 
therefore  to  be  shortened ;  and  if  no  alteration  is  made  in  the  length  of  the  curtain, 
the  bastions  will  be  diminished  in  size.  Small  bastions  being,  as  was  before  re- 
marked, highly  objectionable,  it  will  be  generally  more  desirable  to  maintain  their 
size  unaltered  and  to  diminish  the  length  of  the  curtain ;  the  undefended  space 
hereby  produced  at  its  centre  may  be  remedied  by  forming  casemates  in  the  flanks.* 

These  remarks  will  give  a  general  idea  of  the  mode  that  should  be  adopted  in 
carrying  out  the  principles  above  enunciated  with  regard  to  the  form  of  Bastioned 
Fronts. 

Couniericarp. — The  counterscarp  is  usually  traced  in  a  circular  form  round  the 
salients  of  the  bastion,  whence  it  is  directed  on  the  outer  ends  of  the  crests  of  the 
opposite  flanks,  so  that  every  part  of  the  ditch  may  be  exposed  to  the  fire  of  the 
flanks. 

Polygonal  Trace, — If  the  ditches  of  a  work  are  to  be  defended  by  kaponiers,  there 
is  of  course  no  need  for  breaking  up  the  sides  of  the  polygon,  as  is  done  in  a  bas- 
tioned trace,  a  fact  which  gives  rise  to  many  advantages,  as  will  be  explained  in  the 
remarks  upon  the  German  system. 

If  the  kaponier  is  placed  at  the  centre  of  the  side  of  the  polygon,  the  length  of 
this  side  may  be  made  as  much  as  600  yards,  or  may  be  diminished  as  much  as  cir- 
cumstances of  site  may  require,  without  at  all  interfering  with  the  full  defence  of  the 
ditch.  If  placed  at  the  alternate  salients  of  the  polygon,  the  sides  should  then  not 
exceed  300  yards  in  length. 

The  form  of  the  kaponier  varies  of  course  considerably,  but  its  general  character  is 


*  Tbe*e  caaematet  have  of  late  jean  been  very  generally  emplojed^  not  only  for  thia  purpose,  but 
alio  for  aflSording  a  low  raking  fire  along  th«  ditch  in  front  of  the  face*  of  the  baations. 

c  2 
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■«pi««CDted  in  flg- 10.  It  il  •  cuemited  work,  conUining  uaually  two  tiers  of  gam ; 
On  or  tin  in  c*ch  fltok  on  the  lower  Itorr,  and  a»  mBnj'  on  tbe  upper  itory.  The 
nieDutet  in  tbe  ulient  ptrta  >r«  loopholed  for  muiketry.  It  is  very  desirable  ihst 
u  open  tp«ce  ihouid  be  left  betwecD  the  flank  caseniatee  to  facilitste  (heir  tenti. 

r«i  I  fi»  Tr  impart  additional  Blreagth  lo  fronts  of  Fartiticition  by  afrording  a 
croai-are  apoo  the  eapitala  of  the  polygons,  by  covering,  in  the  1)astioned  tiace.  tbe 
■bonUen  of  ibe  bastion,  and,  in  the  polygonal  trace,  the  kaponiers,  and  lo  give  other 
■dnnlwe*  which  will  b«  enumml«d  in  the  remarks  upon  tbe  difTerent  systems,  ra- 
vdim  [K  L  M.  ig.  f)  are  generally  added,  eonsistiiig  of  sn  ordinary  rampart,  with 
a  dil<>:  ia  Avoi.  formed  by  two  faces  meeting  in  a  salient  angle,  bo  directed  that  they 
nun  WTO"  *ank  defence  from  Ihe  main  work.  A  redoubt  is  frequently  placed  inside 
Uir  rcirlin  to  increase  ila  defensive  powers,  and  also  to  bring  a  reverse  fire  to  liear 
uwoi  U>r  Jiich,  for  which  latter  purpose  some  of  its  guns  shoutd  be  in  catemales. 
th*  ftrp*  ^  ^'"^-^  ravelin  and  redoubt  should  be  left  open  or  closed  only  by  pali- 
Mjt»  w  llun  walls,  that  no  coier  inay  be  afforded  by  Ibem  to  an  enemy  who  has 
hmMoImiI  himself  in  these  works. 

iTM-J'f  ■•«> — 1'he  crest  of  the  covert-way  is  traced  parallel  or  nearly  lo  to  Ihe 
WWKimcarp  of  (he  body  of  tbe  place  and  ravelin  (and  at  a  distance  of  about  II  yardi 
^tVM  il  U  before  explained),  except  at  tbeir  junction,  ithere  it  is  usually  carried  out- 
■«nb  in  the  form  of  a  curve  or  salient  angle,  so  as  lo  provide  large  spaces  for  the  as- 
W*ihla(iei  of  troops  either  for  sorties  or  defence.  These  spaces  are  called  re.enlering 
HUv<«-of-anna  ("  ">  ^g'  ^)-  1'''*  enlarged  spaces  led  at  the  salients  by  tbe  round- 
)K^  uf  the  counterscarp  are  called  salient  places^of-arms  {b  b,  fig,  8).  To  protect 
ttw  hianchea  of  tbe  covert-way  from  ricochet  lire,  and  to  enclose  t)ie  re-entering 
jjMM-of-arma,  traverses  (rr,fi  J.  H)  provided  with  banquettes  for  musketry  are  placed 
airtms  (he  terrepleini,  tbe  interval  left  for  communication  between  them  and  tbe 
rtrtK  ol  (be  covert-wsy  being  closed  by  barrien.  Traverses  should  also  be  exten- 
»i»ely  used  along  tbe  faces  of  any  part)  of  works  exposed  to  be  enfiladed. 

rfHUitte.— The  (enaille  is  a  work  (said  to  have  been  invented  by  Vauban]  often 
placfd  in  bastioned  traces  before  the  curtain.  Tbe  lines  of  defence  form  its  escarps. 
It  must  he  separated  from  the  curtain  and  flanks  by  an  interval  sufficient  to  secure 
ils  defenders  from  the  splinters  caused  by  shot  striking  (he  escarps.  Its  relief  must 
be  BO  regulated  as  not  to  impede  tbe  fire  of  the  flanks.    The  great  use  of  the  tcnaille 
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ire  off  duty.  An  ample  supply  of  materials  should  also  be  in  store  for  the  erection 
of  temporary  blindages  and  splinter-proofs ;  the  magannes  of  provision  and  ammu- 
nition  should  likewise  be  provided  with  bomb«proof  cover. 

SYSTEMS   OF   FORTIFICATION. 

These  remarks  upon  the  general  principles  of  Permanent  Fortification  being  con- 
cluded, a  description  of  the  different  methods  of  fortifying  employed  or  recom- 
mended by  some  of  the  most  eminent  engineers  will  now  be  given,  and  their  respective 
merits  discussed,  in  the  following  order : — 

1.  Coehorn's  System. 

2.  The  French  or  Bastion  System. 

3.  Montalembert's  System. 

4.  Camot's  System. 

5.  The  Prussian  or  German  System. 

coehorn's  system.* 

SECTION    I. — ADVANTAGES   CLAIMED. 

Coehorn  was  a  Dutch  Engineer  who  acquired  a  high  reputation  at  the  end  of  the 
seventeenth  century,  and  proposed  the  three  systems  shown  in  the  plate,  which  are 
especially  adapted  to  ground  but  little  above  the  surface  of  the  water. 

The  first  system  has  generally  been  considered  the  best,  and  it  will  be  suflldent 
therefore  to  describe  that. 

The  principal  advantages  which  Coehorn  proposed  to  obtain  by  the  adoption  of  it 
are — 

1st.  An  ineretue  of  flanking  fire  for  the  main  ditch,  by  constructing  two  parapets 
in  front  of  the  main  flank  of  the  bastion,  at  different  levels,  so  that  a  fire  may  be 
maintained  from  all  simultaneously. 

2nd.  Increased  tecurity  against  atsauU^  by  building  works  inside  the  bastions  and 
ravelins,  revetted  so  as  to  act  as  keeps,  and  separated  from  the  outer  ramparts,  which 
act  as  counterguards,  by  dry  ditches,  the  level  of  which  is  only  6  inches  above  that  of 
the  water,  so  that  it  would  be  very  difficult  for  a  besieger  to  excavate  trenches  in 
them,  and  they  would  afford  great  advantages  to  the  besieged  for  make  sorties. 

3rd.  The  power  of  flanking  the  ditch  between  the  inner  and  outer  bastiontt  by 
means  of  well-covered  casemates  constructed  in  large  oriUona  placed  at  the  shoulders 
of  the  latter,  which  also  covers  the  lower  flanks  against  enfilade  fire,  and  affords 
additional  fire  from  the  parapets  on  its  top  to  sweep  the  ditch  and  works  in  \i%  front, 

4th.  Security  for  the  scarpi  of  the  bastionSj  by  the  construction  of  narrow  unre- 
Tctted  counterguards  in  front  of  the  outer  bastions,  which  are  also  unrevetted,  so  that 
it  is  very  difficult  to  make  openings  in  the  outer  bastions  through  which  to  breach 
the  inner  ones ;  the  terrepleins  of  the  faces  of  the  latter  works  are  made  very  narrow, 
so  that  they  may  not  afford  room  for  a  besieger's  batteries,  and  loopholed  galleries 
are  formed  along  the  rear,  which  facilitate  mining  operations,  and  afford  a  reverse 
fire  into  the  dry  ditches  in  rear ;  the  communication  with  them  is  maintained  by 
masonry  caponnieres  extending  across  the  ditches,  which  also  afford  a  flanking 
defence  to  the  latter ;  these,  having  their  floors  below  the  level  of  the  water,  are 
liable  to  be  flooded  if  cracked  by  the  blow  of  a  shot  or  shell,  and  cannot  therefore  be 
relied  upon,  but  this  also  allows  of  their  being  purposely  filled  with  water  if  the  be- 
sieger  is  likely  to  get  possession  of  them. 


*  B]r  Ueutenant-Colonel  P.  J.  Bainbrigge,  R.  E. 
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Stb.  Redoubh  fmlaifd  if  loophoM  nalli  ire  propcned  to  be  conitnicted  tt  Ibe 
gorge  of  Ihe  inner  rsvelin,  it  (he  iilient  of  the  outer  ravelin,  ud  in  the  re-entering 
placea-of-arms ;  and  a  wooden  gallery  is  propoied  to  be  formed  in  Ihe  gUeii  rotind 
each  re.enlering  place-of-anni,  having  loopholei  to  afford  a  graiinB  fire  of  musketry 
oier  the  aurfaee  in  front ;  the  ditch  of  the  inner  rafelin  ii  alao  propned  lo  be 
flanked  by  a  casemated  caponniere  extending  acrou  il  near  the  main  ditch. 

Th«  Ivo  faces  of  the  oriUon  which  are  opposite  to  the  ravelin  and  to  the  next 
oritlon  are  built  very  solidly  and  counterarcbed,  as  a  security  againit  being  breached. 
Thi>  work  ia  connected  nitb  the  shoulder  of  the  inner  baation  by  a  loopboled  vail, 
having  two  gateways  in  it,  opening  into  the  dry  ditch  of  the  facei  and  between 
tfaeie  gatevraya,  and  parallel  to  the  face,  is  a  line  of  palisadea  vrith  gates  lo  facilitate 

The  plan  sbons  the  trace  of  the  curtain,  which  is  broken,  so  as  to  lengthen  the 
danki,  and  alio  the  trace  of  (he  teuaille,  which,  being  indented,  affords  a  low  flank- 
ing fire  to  the  main  ditch. 


In  order  to  judge  of  the  capabilitiei  of  resistance  of  a  fortress  constructed  accord- 
ing to  thia  system,  we  must  consider  in  what  manner  it  would  probably  be  attacked' 
If  built  upon  the  marshy  site  to  which  it  is  especially  adapted,  it  would  of  coarie  be 
difficult  to  establish  the  batteries  required  to  silence  its  artillery  fire ;  but  as  other 
aystems  may  be  appUed  lo  such  a  site,  the  advantages  which  the  latter  would  afford 
ihould  not  be  taken  into  consideration,  and  we  mutt  tuppote  that  the  site  ii  such 
that  batteries  can  b«  established  in  any  position  required,  otherwise  no  fair  com- 
parison with  other  ayitema  can  be  made. 

Ai  regards  the  fint  period  of  the  defence,  il  will  be  remarked  that  there  would  be 
bat  a  very  small  apace  available  for  placing  arliUery  to  resist  the  first  batteries  of 
the  besieger,  for  (he  faces  of  the  outer  bastions  and  ravelins  are  not  wide  enough  for 
that  purpose,  and  there  are  only  the  faces  of  the  inner  bastions,  each  50  yards  long, 
and  the  aalient  of  the  inner  ravelin  available  for  thia  purpose  ;  therefore  the  besieger 
iTonld  easily  establish  his  firgt  batteries,  to  delay  the  constroction  of  which  ought  to 
be  the  great  object  of  (he  besieged. 

The  faces  of  all  the  works  are  much  exposed  to  be  enfiladed,  which  would  render 
the  targe  space  available  for  muttelrif  of  little  use  in  checking  Ihe  progress  of  the 
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strncted  witb  mtsonry,  except  the  orillon,  are  so  slight  as  to  be  much  exposed  to  de» 
struction  by  Tertical  fire. 

THE    FRENCH,   OR  BASTION  SYSTEM.* 

SECTION    I. 

Vauban's  trace,  ^hich  differs  bnt  slightly  from  that  of  Pagan,  (see  Plate  I.  figs.  1, 2, 
3,  and  4,)  may  be  considered  as  the  basis  on  which  the  Bastion  System  is  founded; 
the  principal  feature  of  which  is  the  depth  of  relief,  or  command  over  the  country  (25 
feet  Trench). 

Cormontaigne,  profiting  by  the  experience  and  the  views  of  the  illustrious  Engineer 
who  preceded  him,  made  some  essential  changes  in  the  construction  of  the  Bastion 
System  (see  fig.  5  of  Plate  I.),  more  especially  in  the  relief,  and  thus  gave  better 
cover  to  the  body  of  the  place.  This,  which  is  termed  fortification  ratante,  and 
adopted  by  him,  has  become  the  distinctive  character  of  the  modem  school. 

Lieut.-Colonel  Duvignau,  who  taught  at  the  school  of  Metz  until  the  year  1793, 
improved  upon  Cormontaigne,  by  extending  the  salients  of  his  ravelins  and  giving 
casemated  fianks  to  his  redoubts.  And  the  systems  of  Dobenheim,  Lesage,  and 
Col.  Noizet,  proposed  several  other  changes  as  now  taught  (see  fig.  6,  Plate  I.).  In 
fulfilling  the  principles  of  Cormontaigne,  they  remedied  the  defect  of  the  opening 
of  the  ditch  of  the  ravelin,  as  likewise  in  the  construction  of  the  retrenchments 
in  the  bastions.  About  the  year  1808,  Bousmard  and  Chasseloup  proposed  their 
systems  of  placing  the  ravelins  beyond  the  glacis ;  but  the  modem  French  school 
never  adopted  them,  and  preferred  adhering  to  the  principles  of  Cormontaigne,  giving 
them  all  the  improvements  of  which  they  are  susceptible. 

Among  these  is  that  of  General  Dufour,  now  Major-General  of  the  Helvetian  Con- 
federation (see  Plate  II.  fig.  1).  This  Engineer  directs  the  faces  of  the  ravelin 
according  to  the  modern  practice  ;  and  at  the  salient  angle,  extending  20  toises  on 
each  face,  he  places  what  maybe  called  a  cavalier  (see  fig.  2,  Plate  II.),  which  covers 
the  ravelin  by  a  break  in  the  crest  of  the  terreplein  of  4  toises,  and  thus  preserves 
them  from  ricochet,  by  the  shelter  which  the  cavalier  on  the  salient  angle  affords 
them, — presenting  to  the  enemy  a  dead  mass  of  earth,  ,on  which  it  would  be  useless 
to  expend  his  shot,  and  yet  impracticable  to  establish  a  lodgment  thereon,  whilst 
it  effectually  covered  the  ravelin.  The  flanks  of  the  redoubt  of  the  ravelin  have 
no  terreplein,  but  consist  of  loopholed  walls,  with  sally-ports  sufllcicntly  large  for 
the  passage  of  artillery;  consequently  the  fianks  are  only  adapted  for  musketry 
fire,  for  by  this  system  the  body  of  the  place  is  not  exposed.  General  Dufour  pro- 
poses to  close  the  ditch  of  the  ravelin  by  a  species  of  tcnaillon,  which  he  covers  by 
a  glacis,  so  that  its  escarp  cannot  be  seen  :  this  supersedes  the  necessity  of  a  redoubt 
in  the  re-entering  place-of-arms  of  the  covert-way.  It  must  be  admitted  that  this 
construction  obliges  an  enemy  to  crown  the  covert-way  of  the  bastion  attacked. 

SECTION   II. — OF  THE  SEVERAL   MEANS  TO   ADO   TO  THE  VALUE  OF   THE  BASTION 

SYSTEM. 

The/autte-braiet  among  the  various  means  proposed,  not  only  to  correct  the  trace 
of  the  bastion,  but  to  add  to  its  defence,  is  the  most  defective,  as  it  divides  the  body 
of  the  place  into  two  stages,  and  facilitates  escalades ;  and  the  lower  level  is  untenable 
when  the  vertical  fire  of  the  besiegers  commences,  affording  no  command  over  the 
glacis.  This  description  of  fortification  has  been  wholly  abandoned  in  modem  works. 

*  Taken  from  an  "  Essai  sur  la  Fortificatbn  Moderne,"  par  le  Baron  Emile  Maorioe,  Capitaine  dn 
G^nic.    For  details  eee  page  42. 
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The  fiuue-bnie  muit  not  be  CDnfoaQded  with  the  ckmn  da  rmufet  between  the 
eKurp  knd  the  panpet,  which  *Ua  wu  uted  in  the  old  coDitrucIions,  iffording  a 
good  prolection  to  the  djlch  &nd  counteracarp  bj*  muiketry  tit.  Vaubui  resetted 
bringing  the  chemin  d«  rondes  into  diauK.* 

Brlrenchnmli  in  Ihe  Body  oftht  Place.— ThaX  en  MVilier  (lee  Plile  I.  fig.  6)  to 
be  aied  when  the  butioni  ait  Urge,  ind  when  ■  good  cDmniind  ii  deainble ;  but  ai 
they  eiamp  the  deployment  of  troopi  in  the  defence  of  the  breachei,  they  ibould  be 
constructed  rather  in  the  collateral  baationa  of  the  probable  front  of  attach,  and  are 
thua  judiciouily  placed  is  the  farta  at  Lyona  and  Paris.  The  relmichrtitetit  teneilU, 
from  the  angle  of  the  ahoulder,  ia  another  reaource  for  the  defence  of  the  breach, 
but  alio  craiapa  too  much  the  interior  apace  of  the  bastion  (aee  flga.  2  and  3, 
Plate  III.). 

The  relrancfiemeni  tatliotaU  a  preferable,  particularly  if  it  occupies  the  goi^ie, 
when  it  does  not  encrokcb  on  the  bastion. 


Honueorit — when  establiahed  in  front  of  a  ravelin,  expose  the  body  of  the  place, 

(see  fig.  1,  Plate  IV.);  but  placed  before  a  bastion,  this  inconvenience  does  not  arise 
(see  flg.  2,  Plate  IV.],  although  it  only  remoies  the  defect ;  for  when  [he  ravelin  is 
taken,  Ihe  angle  of  the  shoulder  of  the  baation  ia  eipoaed,  inalead  of  the  salient.  Be- 
sides, Ihe  bornwork,  once  taken,  aiforda  to  an  enejny,  by  the  width  of  the  terrepldn, 
plentyofspace  to  effect  his  lodgments.  However,  Aoraiiwris  and  crOTontoor*!  serve 
to  occupy  ground  in  advance  which  accidental  circumstancea  render  inconvenient  to 
leave  to  an  enemy  ;  but  they  are  preferable  when  conatructed  beyond  the  glacia,  of 
which  there  are  good  eismples  at  Romainville,  at  Noiai  and  Roaoy,  at  Paiit,  at  Fort 
Vitriolerie  at  Lyoni,  and  at  Belle- Croix  at  Metz. 

Ltaettt  de  Darjan. — The  disadvantage  of  all  advanced  worka  has  arisen  from  the 
difficulty  of  so  conatructing  them  aa  to  render  them  iodcpendt^nt ;  luncttea  may  have 
tbeir  faces  and  glacis  Banked  from  the  rear,  but  it  ia  almost  Impossible  to  guard  against 
•  tarprisef  by  the  gorge.  This  defect  General  Daifon  proposed  to  remedy  (see  Plate 
IV.  figa.  3  and  4)  by  a  circular  tower,  called  a  r^duit  de  sfLret^,  not  far  the  purpose 
of  securing  the  garrison  of  the  lunette,  but  to  protect  ita  retreat  to  the  body  of  the 
place.  The  casemates  secure  the  gsirison  also  from  vertical  fire,  and  the  ditches  of 
the  lunette  are  flanked  by  a  reverse  fire  in  the  counteracarp.     But  the  circular  toner 
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to  t  certiin  extent  from  the  enemj.  And,  instead  of  piercing  the  mtuiTe  parapet 
vtith  embrasures,  a  ea$emated  battery  A  FHajm,  the  name  of  the  inTentor,  is  raised 
aboye  the  crest  of  the  parapet  on  the  terreplein  (see  Plates  VI.  and  VII.  figs.  1»  2,  3, 
and  4).  The  artillery,  thus  sheltered,  has  all  the  advantages  of  casemated  batteries 
without  the  inconyeniences  attending  them,  such  as  the  masonry  being  exposed, 
and  the  danger  from  splinters;  as  the  embrasures  are  revetted  with  fascines,  and 
the  arrangement  of  the  arches  gives  security  from  vertical  fire,  and  a  free  circulation 
of  air. 

Chaiieloup*t  Trace. — Le  G^n^ral  le  Marquis  de  Chasseloup  is  the  author  of  a 
system  represented  in  Plate  VIII.  Without  going  into  minute  details,  it  will  be 
sufficient  to  explain,  that  it  embodies  the  following  advantages : 

1.  That  of  keeping  the  enemy  at  a  distance  by  means  of  outworks,  well 
supported  by  the  body  of  the  place. 

2.  Of  giving  every  facility  to  sorties. 

3.  Of  obstructing  the  advance  of  the  besiegers,  by  means  of  the  casemated 
reduits  in  the  advanced  ravelin  and  covert-way. 

4.  Of  securing  the  two  covert-ways  from  ricochet. 

The  trace,  of  which  Plate  VIII.  explains  the  project,  has  the  exterior  side  (x  y) 
600  yards ;  but  the  faces  of  the  bastion  are  broken,  as  shown  at  m  and  v.  The  flanks 
{n,  o)  have  a  line  of  defence  equal  to  400  yards,  which  is  very  great,  considering 
that  musketry  is  only  effective  at  200  yards.  The  small  faces  of  the  bastions 
(jr,  rnxv^y)  are  70  yards ;  and  the  larger  (m,  ti,  r,  ti)  are  170  yards.  To  construct 
the  curtain, ;,  /  is  made  equal  to  ^  of  dr,  y;  and  the  flanks  are  constructed  perpen- 
dicular to  the  line  of  defence ;  the  salient  of  the  ravelin  is  formed  by  extending  it 
250  yards  from  the  front  on  line  x,  y;  and  the  faces  cover  the  bastions  100  yards 
from  the  angle  of  the  shoulder.  The  salient  of  the  caponniere  (s)  extends  100  yards 
beyond  the  line  Xt  y,  at  t ;  and  the  faces  are  directed  50  yards  from  the  angle  of  the 
shoulder. 

The  glacis  (y,  y)  of  the  body  of  the  place  masks  the  latter  from  the  openings 
of  the  ravelins,  as  well  as  the  flanks  of  the  caponniere ;  and  it  is  impossible  to  enfilade 
the  covert-way.  And  thus  the  besiegers  must  take  the  outworks  or  advance  between 
the  ravelins,  and  these  being  taken  in  reverse,  the  casemated  r^uit,  as  shown  at  ^  «, 
sees  into  the  ravelins,  and  the  reduit  of  the  ravelin  gives  still  further  security  to  the 
latter,  which  must  be  reduced  before  the  body  of  the  place  is  attacked. 

This  trace  will  be  found  to  possess  some  resemblance  to  that  of  3ousmard,  given 
in  his  Supplement  to  his  '  Essai  G^n^ral  de  Fortification ;'  but  he  made  his  bastions 
curvilinear.  Chasseloup  adopted  the  polygonal  form,  and  his  advanced  covert-way 
has  the  disadvantage,  like  all  other  advanced  covert-ways,  of  not  being  protected 
from  the  body  of  the  place ;  and  the  opening  to  secure  the  retreat  of  the  garrison 
when  the  ravelin  is  taken,  is  not  so  well  contrived  as  Bousmard's ;  but  the  system 
of  Chasseloup  has  been  applied  to  the  defence  of  Alessandria  in  Italy,  under  Na- 
poleon: however,  since  the  Peace  of  1814,  they  have  been  destroyed.  More  de- 
tailed drawings  may  be  found  in  Captain  Macaulay's  (R.E.)  description  of  the  works 
at  Alessandria. 

SECTION   V. — CONCLUSION. 

It  is  only  now  necessary  to  analyze  the  Bastion  System,  as  to  what  characterizes 
the  modem  school,  freed  from  routine  and  precise  terms,  making  the  study  of  the 
ground  and  the  defilements  the  basis  to  work  from,  and  which  directs  that  the  ma- 
sonry of  the  works  be  well  covered,  that  the  outworks  extend  as  far  as  possible,  so 
as  to  oblige  the  enemy  to  capture  them,  or  be  liable  to  be  taken  in  reverse  as  he 
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■dTincei.    And  noder  thi  prDtection  of  then  ulienli,  the  ijitem  idmiti  of  lortiei 
and  tRctictl  openttOD*. 

It  m*j  be  i«id  that  the  ca*eiDit«d  coier  i*  too  smill  ind  ininffideDt,  nbcther  ia 
the  fltDki,  or  u  retene  fire  in  tbe  counieractrpa,  «■  likewise  thit  the  lyitem  doei 
not  kdmit  of  sulEcieDt  irmimcDt  on  tlie  front  of  ittack.  It  ii  tnie  tbit  onlf  70 
piece*  of  BrtilletT  are  prorided  for  by  the  rulei  of  the  Service ;  hut  taking  the  lyitem 
of  Noiiet,  Bbown  in  Plite  I.  fig.  6,  it  will  be  found  that  it  is  posaible  to  ooite  IGO 
Kuoa  aad  faonitzera,  and  about  ID  mortan,  on  tbe  Ai)nt  of  attack ;  u  for  examplo— 

At  tbe  ulienti  of  bastion  attacked 1 

Twetre  pieces  to  each  face 24 

Eight  pieces  to  each  Hank 16 

Five  to  each  face  of  the  cavalier 10 

Twenty  pieces  to  each  collateral  curtaip,  protected  by  bliadages        .      40 
One  howitzer  in  each  salient  of  ravelin  attacked       ....        2 

Eleven  pieces  to  eacb  face  of  ravelin  attacked 22 

Two  pieces  in  the  re-entering  place-of-arms 2 

The  two  collatenl  hutions  of  the  front  of  itlaek,  five  in  each  face    .       10 

Four  pieeea  to  each  fiank  of  those  bastions 8 

Collateral  ravelini,  six  for  each  face 12 

Re-entering  place-of-anns,  with  6-inch  bowilzen,  abont  .        ,         .      16     ' 
Mortar*  and  pierriara  in  the  curtain)  and  hutions,  about ...      40 

203 
A  certain  number  of  theM,  to  be  covered  by  caaemates  i  I'Haxo,  which  aerre 
■1*0  as  triverM*,  will  be  preserred  infinitely  better  thao  tboie  proposed  by  Uont4- 

The  defect  of  the  Bastion  System,  by  exposing  tbe  body  of  the  place  tbrongh  tbe 
ditch  of  the  ravelm,  u  modified,  as  proposed  by  Noizet  and  Dnfoiu-  (see  Plate  I. 
Bg.  6,  and  Plate  IL  fig.  1 ),  and  the  enfilade  to  which  it  ia  sahject  ia  removed  by  the 
projeeta  of  Dufonr,  Chssseloup,  and  Booamard. 

Tbe  improvement!  in  gunnery  by  the  introduction  of  Congreve'a  rocketa,  the  per- 
fection of  Shrapnell'i  ihells,  and  the  invention  of  the  Mini£  rifle,  which  will  carry 
from  1000  to  1200  yauli,  and,  finally,  the  8  and  lO-incb  gum,  which  cany  from 
2000  to  3000  yarda,  and  the  Lancaster  gun  of  still  greater  range,  must  all  be  con- 
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at  38  ytrds'  distance,  and  is  directed  on  the  outer  end  of  the  scarp  of  the  defending 
flank,  till  it  meets  that  of  the  ravelin  which  is  parallel  to  the  faces  and  round  the 
salient  of  that  work  at  24  yards  distant.  The  covert- way  is  11  yards  wide,  the  re- 
entering places-of-arms  being  found  by  measuring  off  a  demi-gorge  from  32  to  40 
yards  along  the  counterscarp,  and  making  the  angles  between  their  faces  and  the 
branches  of  the  covert- way  100  degrees.  The  tenaille  has  its  gorge  and  end -walls 
1 1  yards  from  the  scarp  of  the  place,  its  magistral  line  being  formed  by  the  lines  of 
defence  and  its  width  being  17  yards  throughout.  Traverses  are  placed  in  the 
covert-way,  one  with  its  crest  at  the  angle  of  the  crest  of  re-entering  place-of-armi, 
but  perpendicular  to  the  counterscarp,  one  with  its  exterior  line  in  continuation  of 
the  magistral  of  the  salient  of  the  ravelin,  and  another  halfway  between  these. 
Vauban's  profile  is  generally  treated  as  having  a  full  revettment  40  feet  high,  total 
relief  43  feet,  and  thickness  of  parapet  18  feet.  Bastions  and  curtains  have  a  com- 
mand over  the  country  of  25  feet,  over  glacis  of  17,  and  ravelin  of  8  feet. 

In  Vauban's  third  system  the  construction  at  first  is  nearly  the  same,  but  instead 
of  the  curtain  joining  the  ends  of  the  flanks,  an  imaginary  line  in  that  position,  pro- 
duced both  ways  to  meet  the  capitals  of  the  bastions,  gives  the  flanked  angles  of  two 
pentagonal  masonry  tower-bastions,  and  a  line  is  drawn  parallel  to  this  at  19  yards 
in  rear  of  it ;  at  15  yards  from  the  ends  of  this  line,  and  perpendicular  to  it,  flanks 
are  drawn  11  yards  outwards,  and  8|  inwards.  The  above  line  is  bisected  by  a  per- 
pendicular of  11  yards,  through  the  ends  of  which  are  drawn  lines  of  defence,  the 
flanks  being  in  the  prolongation  of  those  of  the  detached  bastions. 

The  ditch  in  front  of  the  tower-bastions  is  15  yards  wide,  the  counterscarp  cir- 
cular, and  then  directed  on  the  outer  end  of  the  crest  of  the  short  flanks  till  it  inter- 
sects the  line  joining  the  flanks  of  the  detached  bastions. 

He  also  placed  a  redoubt  in  his  ravelin,  giving  flanks  to  both. 

THB   MODERN. 

In  the  Modem  System,  as  commonly  understood,  the  exterior  side  is  about  384 
yards,  the  perpendicular  64,  and  the  faces  of  the  bastions  128;  the  flanks  are  at 
right  angles  to  the  lines  of  defence,  and  have  their  magistral  lines  terminated  by  that 
of  the  curtiiin  at  their  intersection  with  the  production  of  the  opposite  face ;  the 
counterscarp  of  the  main  ditch  being  32  yards  wide  round  the  salients,  and  directed 
on  the  interior  crest  of  the  shoulder.  Generally,  but  not  in  all  cases,  a  tenaille  has 
been  constructed  15  yards  in  width,  with  its  gorge  and  end- walls  11  yards  distant 
from  the  scarp  of  the  work,  and  6  yards  of  the  crest  at  each  end  made  perpendicular 
to  a  line  from  it  to  the  middle  of  the  entrance'  of  the  ditch  of  the  ravelin.  The 
ravelin  has  a  salient  angle  of  60®,  and  its  faces  are  directed  on  points  on  the  faces 
of  the  bastions  36  yards  from  the  shoulder ;  the  ditch  of  the  ravelin  is  24  yards 
wide,  and  that  of  the  redoubt  in  the  ravelin  11  yards.  The  thickness  of  the  ravelin 
is  17  yards,  and  the  redoubt  is  formed  vnth  flanks  19  yards  long,  to  fire  on  any 
breach  which  may  be  made  in  the  faces  of  the  bastions.  The  gorge  of  the  ravelin  is 
2  yards  in  rear  of  the  exterior  side,  and  that  of  the  redoubt  is  formed  by  joining  the 
ends  of  its  flanks  at  the  intersection  vrith  the  counterscarp.  A  ditch,  16  feet  wide, 
with  parapet  in  rear,  called  a  coupure,  is  cut  across  and  perpendicular  to  each  face 
of  the  ravelin,  the  counterscarp  being  in  continuation  of  the  scarp  of  the  redoubt  in 
the  covert-way.  The  covert-way  is  11  yards  wide,  with  redoubts  in  the  re-enter- 
ing places-of-arms,  the  capitals  of  which  bisect  the  angle  between  the  counterscarps 
of  the  ravelin  and  main  ditch.  A  line,  joining  the  salients  of  the  bastion  and  ravelin, 
gives  the  counterscarp  of  one  face  of  the  redoubt ;  the  other  being  on  a  line  passing 
through  the  salient  place-of-arms  and  the  intersection  of  the  first  line  vnth  the  capital,  a 
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diiUnce  of  SO  firdi  on  which,  berond  the  ccmnteracirp  of  the  redoubt,  pvm  the  creit 
of  the  gltcia,  which  ia  drawn  in  a  circulir  arc,  hkTiog  the  iDtenection  of  the  coun- 
tencirpl  of  the  mtin  and  melm  dilchei  for  i  centre.  The  actqi  ib  parallel  to  and 
16  feet  front  the  counleracarp,  and  a  length  of  6  firdi  at  the  end  of  the  creit  next 
the  ravelin  u  made  perpendicular  to  a  line  drawn  to  it  from  the  lalient  of  that  work, 
the  crest  of  which  ia  conatrucled  with  a  face  9  yarda  long,  perpendicular  to  ita  capi- 
tal. The  inteneclion  of  the  aboie  arc  with  the  counterscarp  on  each  tide  giTea  • 
point  in  the  creit  of  the  traverses  enclosing  the  place  of  arma,  which  >re  IB  feet  thick ; 
the  othen,  of  which  there  are  two  on  each  face  of  the  ravelin,  besides  those  at  th« 
salient,  being  only  10  feet  thick.  In  the  ditch  of  the  ravelin  a  traierae  ii  formed, 
high  enough  to  cover  the  scarp  of  (he  bastion  from  breaching,  and  having  its  superior 
tlope  running  to  the  bottom  of  the  ditch,  nith  audi  inclination  as  to  ensure  ile  being 
swept  by  the  musketry  of  the  bastion.  Its  crest  should  be  parallel  to  and  28  feet  in 
front  of  the  counterscarp  of  the  main  ditch.  This  traTcn^  may  be  joined  to  the 
redoubt,  hut  kept  12  feet  from  the  ravelin  to  cut  off  communication  ;  a  banquette  ia 
formed,  leaiing  a  passage  S  feet  wide  with  a  retaining  wall  in  rear,  6  feet  in  front  of 
the  counterscarp. 

Comnmtiicatwiu, — A  postem  is  formed  through  tbe  centre  of  the  curtain,  at  a 
slope  of  about  1  in  8,  terminating  6  feet  above  bottom  of  escarp,  a  wooden  ramp  bang 
added  when  required  for  use.  A  flight  of  steps  leads  on  to  the  lenaille,  under  which 
■  postern  leads  to  an  open  caponniere,  or  double  traverae,  across  the  main  ditch  to 
within  10  feet  of  the  gorge  of  the  redoubt  in  the  ravelin.  Two  flights  of  steps  lead 
to  the  terreplein  of  the  redoubt,  under  each  flank  of  which  posterns  are  formed,  the 
eommunicatiou  aeroat  the  ditch  being  protected  by  a  single  traverse.  From  this 
ditch  a  ramp,  sloping  I  in  10,  commencing  at  the  counterscarp  of  coupure.  rises  to 
the  terreplein  of  ravelin,  a  flight  of  steps  leading  to  the  part  behmd  the  coupure. 
Steps  at  each  side  of  angle  of  gorge  of  re-entering  placea-of-arma  lead  to  the  re- 
doubts, a  postern  below  rampart  of  each  face  leads  to  the  ditch,  and  two  rampa  in 
the  conntencarp  lead  to  the  covered  way,  whence  circulsr  ramp*  conduct  to  tbe 
gUcia  for  sorties,  Ac 

RtB^. — Various  reliefs  are  assigned,  hut  about  44|  feet  seenu  to  be  adTanlageoua 
for  tbe  body  of  the  place,  giving  a  height  of  141  feet  ta  command  over  ttie  creal  of 
glads,  ud  23  over  the  counterscarp,  allowing  a  scarp  wall  of  30  feet  juat  covered  by 
the  glads,  and  giving  the  glacis  a  slope  of  about  1  in  25.     Relief  of  ravelin  will  be 
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mated  towen.    In  1776  he  published  hU  work  on  '  Perpendicular  Fortification,  or 
the  Art  of  Defence  rendered  superior  to  the  Attack  of  Places.* 

The  principles  on  which  Montalembert  based  his  system  were  violently  attacked 
by  the  French  Engineers,  but  Camot  adopted  them,  and  the  German  System*  has 
admitted  their  advantages,  and  followed  them. 

The  trace  (see  Plate  I.  fig.  1 )  consists  of  converting  the  polygon  into  a  series  of 
re-entering  angles  en  tenaille,  flanked  by  casemated  caponnieres,  instead  of  the  Bas- 
tion system,  with  its  lines  of  defence. 

These  caponnieres  (c,  figs.  1,  3,  4,  and  6,  Plates  I.  and  II.)  are  again  flanked  by 
casemated  batteries  of  three  stories,  between  the  inner  couvre-face  («)  and  the  cava- 
lier of  the  curtain  (m). 

The  body  of  the  place  and  the  caponnieres  are  surrounded  by  counterguards  (6,  b), 
and  the  re-entering  angle  of  these  flanked  by  casemates  (^,  g).  In  front  of  these, 
again,  ravelins  (c,  e)  with  casemated  flanks  {d,  d)  are  placed,  and  externally  the 
whole  has  a  covert-way  and  glacis. 

Although  the  couvre-face  («)  and  counterguards  have  thin  ramparts  of  earth,  they 
have,  near  the  foot  of  the  exterior  slope,  a  loopholed  escarp  of  two  or  three  stories, 
as  shown  in  section,  fig.  2. 

Within  the  couvre-face  («),  at  each  salient  angle  of  the  polygon,  is  placed  an 
angular  tower  (Plates  I.  and  II.),  which  has  been  much  followed  in  the  German 
Svstem ;  and  the  fortress  of  Coblentz  shows  several  of  that  construction.  The  tower 
is  40  feet  in  diameter,  and  four  stories  high,  and  its  base  forms  a  regular  dodecagon, 
the  salient  angles  having  60<*,  and  the  faces  protect  each  other  by  a  direct  fire  (see 
figs.  7  and  8,  Plate  II.).  The  external  walls  are  from  3  to  4  feet  6  inches  thick, 
diminishing  from  18  inches  to  2  feet.  The  second  and  third  stories  have  embrasures 
lined  with  brickf  for  artillery ;  the  parapet  of  the  platform  or  upper  story  is  also 
built  of  brick  10  feet  thick,  and  the  arch  supporting  it  is  6  feet  thick,  of  brick.  The 
artillery  to  be  placed  on  traversing  platforms  of  his  own  invention. 

Montalembert  calculates  upon  the  construction  of  traverses,  when  wanted,  on  these 
towers,  to  avoid  ricochet, 
ill.  In  the  centre  of  the  tower  he  constructs  a  circular  rcduit,  of  which  the  walls, 

iuds.  6  feet  thick,  are  loopholed  for  ultimate  or^nal  defence:  the  tower  has  likewise 
excellent  magazines,  well  secured  with  hydraulic  cement.  It  is  alleged  that  the  ap- 
proaches are  seen  from  the  three  stories  of  the  caponnieres  (c),  and  those  of  the  case- 
mates and  flanks  (^,  ^),  and  of  those  noticed  at  A,  and  of  the  curtain  (^),  and  of  the 
casemated  barracks  (n  and  tr),  besides  those  from  the  couvre-faces  and  counterguards, 
and  thus  establish  a  fire  from  430  pieces  of  artillery.  « 

Nevertheless,  works  cannot  see  without  being  seen  ;  hence  the  casemates  (<f,  d)  of 
the  ravelin,  those  (y,  y)  and  the  loopholed  escarps  {b,  b  and  c,  c)  would  be  immediately 
destroyed.  Likewise  the  position  of  the  caponnicre  (c),  which  is  liable  to  be  hit  on 
each  side,  and  would  soon  become  untenable ;  when  also  the  couvre-face  («),  case- 
mate (v),  and  defensible  barrack  (tr),  would  be  ruined  by  being  open  to  the  shot  of 
the  besiegers  through  the  numerous  embrasures.  The  military  world  must  not  there- 
fore be  imposed  upon  by  the  mass  of  masonry  and  double  and  treble  tiers  of  embra- 
sures of  Montalembert's  expensive  system,  all  of  which  would  be  crumbled  into  ruins 
by  heavy  artillery  at  800  yards'  distance. 


*  M.  A.  de  Zoatrew,  author  of  a  work  called '  Permanent  Fortification,'  obserres,  that  a  complete 
revolution  haa  been  worked  in  the  art  of  fortification  by  Montalembert. 

t  Although  shot,  with  a  velocity  of  1500  feet  per  second,  will  penetrate  eight  time*  its  diameter  in 
brick,  yet  in  masonry  works  brick  is  the  best  material,  in  similar  circumstances,  to  prevent  eplinters. 
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But  nhM  ii  the  effect  of  (hU  lertical  &re,  which  ha)  not  been  appreciited,  tod 
never  mule  the  buia  of  defence,  ai  proposed  in  thii  ijttem  of  fortification !  (See 
I'lale,  Carnot'a  Sjrilem.)  It  is  lo  bring  these  mrani  into  play  after  the  eaUblilb- 
nent  of  the  third  parallel,  nhich  it  ia  supposed  will  be  fixed  about  50  loises  from  the 
lalieala  of  the  ravelin ;  and  aa  the  usual  baition  fronts  are  180  toiaea,  the  apace 
taken  by  the  besiegers  in  advancing  (o  Ihe  covert-way  will  he  ahout  9000  tqutre 
toises ;  bui  ai  it  is  probable  that  the;  may  diverge  a  little  to  the  right  or  to  the  left, 
the  tpace  :i  ay  he  considered  1S,000  square  toiiei. 

Now  this  eitent,  it  i>  fair  to  luppoic,  will  be  occupied  by  3000  men,  dlher  em- 
ployed in  the  hiege  operations,  or  as  guards  to  the  trenches,  calculating  Ihe  garrUon 
at  4000  men  :  ihen,  ai  each  of  the  beaiegcri  will  cover  one  fool  square,  there  will  be 
IBO  to  every  5  toisea  square- 
To  oppose  this  force,  let  six  12-inch  mortars  be  placed  in  each  of  the  baationa  and 
ravelin  of  the  front  altacked  ;  that  is,  two  on  each  capital,  to  fire  on  the  zigzag  ap- 
proaches to  the  place;  and  ai  each  mortar  can  throw  150  balls  of  1ft.,  or  600  of  Jib., 
the  six  can  discharge  3G00,  which  ought  to  destroy  20  men ;  and  as  100  rounds  can 
be  fired  per  hour,  2000  men  will  be  put  hort  de  combai  in  24  hours,  or  20,000  in  10 
days,— the  probable  period  between  the  eatabliahment  of  the  third  parallel  and  the 
opening  of  the  breach. 

Should,  however,  the  besiegeia  attempt  to  secure  themselvea  by  blindages,  the 
leut  sortie  will  throw  them  into  confusion,  without  considering  the  immense  quan- 
tity of  limber  necessary  lo  protect  themselves. 

Hence  ibe  importance  of  vertical  Are  in  the  defence  of  places  is  deinonitraled : 
Isl,  by  the  impossibility,  after  the  third  parallel,  lo  reserve  any  other  fire ;  2ndly, 
by  the  difficulty  of  reaching  the  besiegers  in  their  Irenche*  by  any  other  means. 
This  descriplion  of  defence,  besides,  is  not  reciprocal,  and  not,  available,  aa  it  hai 
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The  great  diffieolty,  in  timilar  eurcomstancet,  ii  to  find  materitls  infltcient  for  the 
ramparts  and  glacis,  and  for  that  reason  it  is  proposed  to  dispense  with  the  latter ; 
however,  the  security  of  the  place  rtquirei  that  the  enceinte  should  he  complete  and 
of  the  proper  height  against  an  assault.  This  enciente  will  he  merely  a  loopholed 
wall  <rftwo  stories,  as  shown  in  fig.  4,  except  at  the  re-entering  angles,  which  will  he 
casemated  for  artillery ;  and  it  will  he  perfectly  hidden  by  the  body  of  the  place,  on 
which  it  is  necessary  for  the  besiegers  to  establish  their  batteries  to  breach  the  wall. 
These  (the  loopholed  wall  and  rampart  in  front)  ought  to  suffice ;  but  as  it  is  neces- 
sary to  communicate  without  by  boats  for  offensive  operations,  a  coonterguard  is 
phiced  parallel  with  the  body  of  the  place,  also  constructed  of  earth,  shot-proof,  yet 
so  narrow  that  the  besiegers  have  not  space  to  lodge  themselves  on. 

In  proposing  this  system  of  defence,  the  bastion  form  is  not  adopted,  as  dead 
angles  are  of  little  importance  with  wet  ditches ;  therefore  the  angular  shape  is  pre- 
ferred, on  account  of  its  simplicity  and  economy. 

The  details  of  this  trace  (see  figs.  1  and  4)  give  an  inner  wall,  as  already  explained, 
without  any  rampart,  forming  a  series  of  redans,  of  which  the  salients  (x,  s)  may  be 
from  50  to  100  toises  apart,  according  to  the  size  of  the  polygon,  the  Plate  represent- 
ing  a  dodecagon.  Tliis  wall,  which  surrounds  the  town,  is  built  upon  the  natural 
soil  to  save  expense,  and  is  6  feet  thick  and  24  feet  in  height,  in  arcades  taken  from 
the  thickness  of  the  wall  (see  fig.  4).  At  six  toises  in  front  of  this  wall  is  the  interior 
slope  of  the  body  of  the  place ;  the  latter  is  also  24  feet  high  and  )  8  toises  wide,  and 
leading  from  which  are  sally-ports  to  the  tenaille,  to  cover  the  re-entering  angle,  and 
connect  it  with  the  place-of-arms  on  the  counterscarp  by  an  open  earthen  caponniere. 
T^  width  of  the  counterguard  is  similar  to  the  tenaille,  12  toises;  the  wet  ditches 
are  all  6  feet  deep,  and  the  glacis  is  contre-pente.  The  re-entering  angles  of  the 
inner  wall  are  casemated,  with  terreplein  and  parapet  of  earth,  on  which  may  be 
placed  I6-poander  guns.  These  casemates  are  not  an  essential  part  of  the  system; 
but  as  bomb-proofs  are  necessary  for  a  good  defence,  these  serve  the  purpose. 

Secondly,  ike  application  of  the  System  to  High  Ground, 

It  has  been  observed  that  the  bastion  form  is  with  difficulty  adapted  to  uneven 
ground,  on  account  of  the  length  of  the  fronts,  and  that  the  angular  trace  is  better 
suited  to  the  inequalities  of  a  hilly  country :  the  same  system  is  therefore  preferred 
as  proposed  for  that  which  is  low  and  wet,  with  some  modifications  which  local  cir- 
cumstances require. 

Ist.  To  give  a  greater  height  to  the  escarp,  to  avoid  escalade ;  and  2nd]y,  to  obtain 
a  better  command  over  the  uneven  ground  without. 

The  details,  as  shown  in  figs.  2  and  3,  give  the  inner  walls  3G  feet  in  height  and 
6  feet  in  thickness.  The  construction  of  the  body  of  the  place  is  similar  to  that 
with  the  wet  ditches,  except  at  the  foot  of  the  exterior  slope,  where  a  loopholed 
wall,  18  feet  high,  is  constructed,  as  likewise  all  round  the  tenaille,  to  prevent  sur- 
prise, to  which  the  nature  of  the  system  with  dry  ditches,  without  a  covert-way,  is 
liable. 

SECTION    III. — REMARKS    UPON    CARNOT's   SYSTBMS.* 

From  the  foregoing  observations  and  from  examination  of  the  drawings,  it  will  be 
observed  that  Camot's  systems  are  distinguished  from  those  before  described.  First, 
by  the  suppressing  of  the  counterscarp  wall  and  the  substitution  for  it  of  a  counter- 
sloping  glacis,  so  as  to  facilitate  personal  conflicts  with  the  besieger  (an  arrangement 


*  From  the  papen  in  use  at  th«  R.  BI.  Academy. 
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prCTioailj  lag^ted  bj  Rimplcr) ;  ud  lecond,  b;  mtkiDg  vertiol  tie  the  buii  of, 
ntbec  tbin  m  acceuor?  to,  the  defence. 

Witb  respect  to  the  "Glads  en  ConiTepente,"  it  can  nrel;  happen  that  tbe  pmioD 
of  an^  place  is  ao  atrang  aa  to  haoe  the  meani  of  making  luch  formidable  lortiea  aa 
to  require  it  along  the  whole  of  ita  eiterior.  B;  adopting  it,  the  learp'wall  molt  be 
more  exposed,  and  an  assault  facilitated ;  a  partial  application  of  it  might  however 
be  made  in  particular  part)  of  a  fortrett,  vitbout  aacriGdng  the  whole  of  the  covered 
way. 

As  regard)  the  effteti, of  vertical  fire,  it  hu  been  proved  hj  experiment  that  Camot 
hu  very  much  exaggerated  tbem.  It  bai  been  found  that  the  nnmber  of  balla  that 
take  effect  i>  ver;  ronaiderabl^  lest  than  1  in  ISO  (Carnot'a  assumption),  and  tlra 
that  with  projectiles  of  the  propoied  size  {^ib.  to  lib.)  the  mooienium  of  luch  u  do 
take  effect  ia  not  uiuall;  sufficient  to  place  those  thej  hit  hori  dr  combat. 


OR  THK  MODKRN  SYSTEM  OF  PRUSSIAN  C 


FORTIFICATION. 


The  new  aystem  of  fortiAcalion,  as  being  carried  out  throughout  the  whole  eltent 
of  the  German  dominiona,  now  claims  our  attention.  (See  Plateil.  Il.asd  IH.  Agt.  1, 
2,  3,  4,  and  S,  Gennan  Syileui.) 

The  motive)  which  led  to  the  introduction  of  this  new  method  may  be  briefly 
enumerated  ai  foltowa,  viz.: 

The  inefficiency  of  the  variou)  bastion  ayatemi  employed,  from  Vanban  and  Cor- 
montlugne,  down  to  Bonamard  and  others,  for  a  prolracteii  defence,  after  the  eitablilb- 
menlof  the  third  parallel. 

The  want  of  a  free  commanicatioa  for  troops  within  the  works,  for  sortiea,  &c. 

Also  the  iueffidency  of  the  flanking  flre  of  the  various  works  under  the  old  system. 

Vguban,  who  was  convinced  by  great  eiperienee  that  bastion  fort  i  It  cations,  which 
be  himself  had  built,  were  not  ible  to  oppose  a  sufficiently  durable  resistance  to  a 
regular  attack,  and  that  in  the  latter  perind  of  the  siege  they  even  accelerated  the 
besiegen'  progress  in  overwhelming  the  garrison,  applied  himself,  in  his  latter  days, 
to  the  abject  of  strengthening  his  fortiflcationa ;  and  he  endeavoured  to  accomplish 
this  by  means  of  iiolalmg  hit  iattioiu,  connecting  tbem  by  an  entrenchment,  and  also  • 
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commence  a  hand-to-hand  and  most  destractiTe  opposition,  which  wQl  only  cease 
with  the  captare  of  the  last  redoubt. 

Before  eutering  upon  the  details  of  the  constmction  of  the  Germsn  System,  we 
will  take  a  cursory  glance  at  its  principal  variations  from  the  old  and  commonly 
received  systems.  First,  then,  we  shall  observe  the  increased  length  of  the  fronts 
or  faces  of  polygons ;  these  extend  from  500  to  600  yards ;— also  the  simplicity  of 
the  trace,  which  of  itself  diminishes  expense. 

Secondly,  we  shall  remark  the  free  communications  for  troops  afforded  by  th^  works 
of  the  new  system,  as  seen  in  Plates  I.  II.  and  III. 

Thirdly,  we  shall  notice  the  different  system  of  flanking  observed  in  it :  this  ii 
usually  done  by  means  of  caponniere$t  which,  projecting  from  the  centre  of  fronts  of 
fortification,  command  the  ditches  in  their  full  extent  from  the  lower  tier  of  guns, 
and  the  terreplein  of  the  covert-way,  with  the  crest  of  the  glacis  from  the  upper  tier ; 
with  the  incalculable  advantage  of  their  powers  of  defence  being  untouched  and  un* 
injured  to  the  latest  period  of  the  siege,  when  all  the  best  efforts  of  the  garrison  will 
be  called  into  play. 

Large  and  powerful  redoubtt  are  an  invariable  accompaniment  of  the  new  system 
in  all  its  phases.  These  are  of  various  construction,  and  depend  much  on  the  nature 
of  the  works.  In  small  forts  or  advanced  isolated  works,  tbey  occupy  the  rear  or 
gorge,  not  only  as  defensive  barracks,  commanding  the  interior  or  terreplein,  but  also 
as  cavaliers,  looking  over  the  distant  country  and  commanding  the  approaches  *..  some- 
times, as  in  the  fronts  of  fortification  surrounding  a  large  town,  they  act  as  capon- 
nieres,  and  flank  the  faces,  as  in  Plate  III.  fig.  5  ;  in  others,  they  are  placed  imme- 
diately in  rear  of  the  works  as  bomb-proof  barracks,  and  also  as  cavaliers,  thns 
aflbrding  secure  shelter  both  from  vertical  and  direct  fire  to  the  troops  immediately 
on  duty  on  the  fronts  attacked,  and  preserving  them  untouched  and  ready  for  the 
exertions  required  of  them  during  the  last  periods  of  the  siege. 

By  this  brief  exposition,  it  will  be  seen  that  the  new  system  is  not  confined  to 
any  invariable  rules,  but  adapts  itself  to  ground  and  circumstances ;  and  for  this 
reason  no  single  plan  of  a  fortification  will  give  a  clear  and  adequate  idea  of  the 
whole  svstem. 

We  may  also  remark  that  there  is  a  considerable  difference  between  the  Prtusian 
and  Auttrian  Systems,  the  former  being  employed  generally  in  the  North  and  West 
of  Germany,  and  the  latter  in  the  Southern  States. 

It  may  be  taken  for  granted,  that  the  conventional  dimensions  of  the  details  of 
works,  as  established  by  Vauban  and  Cormontaigne,  are  preserved ;  for  as  these 
authors  only  adopted  them  on  the  invariable  rules  observed  in  natural  objects,  and 
on  the  science  of  gunnery,  as  their  basis, — they  can  only  be  changed  by  great  im- 
provements in  the  latter,  as  regards  the  range  and  calibre  of  cannon  and  musketry ; 
and  it  is  this,  be  it  observed,  which  establishes  in  the  new  system  the  extent  of  the 
fronts, — the  guns  in  the  caponnicres  having  on  each  side  a  point-blank  range  for  grape 
and  canister  of  300  yards. 

Thus  far  we  have  written,  as  forming  preliminary  observations  to  the  present 
article,  viz.  *  A  Description  of  the  new  German  System  of  Fortification ;'  which  object 
we  think  cannot  be  better  effected  than  by  giving  here  a  translation  of  such  portions 
of  the  work,  published  in  Berlin,  in  March,  1844,  by  Major-General  Br^e,  Inspector 
of  Fortifications,  as  are  calculated  to  afford  a  clear  general  view  of  the  subject,  and 
without  entering  into  minute  details,  which  the  limit  of  the  article  would  not  permit 
ns  to  do.  T.  K,  S. 

"  The  spirit  of  modern  tactics  has  been  applied  for  somt  time  to  the  Art  of  Forti- 
VOL.  n.  D 
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flMtion,  and  the  object  hu  been  to  compMe  fortreiaes  of  ungle  independent  worlu, 
c»p«ble  of  •ffordlDg  a  luting  retistance;  but  which  are  to  be  mutaally  connected, 
according  to  circumitancea,  by  intermediate  linei,  thm  forming  i  net  of  worki  ei- 
preiily  adapted  for  a  itep  hj  step  atruggle  for  the  pOHeuion  of  the  ground ;  and 
which  ii  to  be  carried  on  as  long  as  the  last  part  of  the  last  work  is  tenable. 

"  If  this  object  could  be  completel;  realized,  then  the  ideal  of  a  fortification  would 
be  obtained,  and  that  again  would  lead  to  the  ideal  of  a  defence,  inch  as  the  ttmggle 
at  Saragossa  from  bouie  to  bouse,  and  from  wall  to  wall,  baa  shown  to  be  practicable. 

"WheD  the  fortifjring  of  a  piece  of  gmund  has  been  detennined  on  bj  strategic 
principles,  the  Engineer  choosei  those  points  which,  from  tbeir  formation,  molt  be 
considered  as  the  moBt  influential,  and  the  best  adapted  to  the  consnmmation  of  the 
diflkreni  military  designs  ;  also  as  the  most  necesaaiy  to  be  maintained. 

"  Thete  pcrints  are  made  lb«  main  posts  of  the  position.  Casemalcd  defeauTc  bar- 
racks are  canstructerl  on  them,  in  the  form  of  nund  tmctri,  or  isolated  migitlar 
cttiltUa,  according  as  the  range  to  be  commanded  from  them  may  require  the  one 
or  the  other :  they  are  built,  according  lo  circumstances,  with  two  or  three  stories, 
and  are  furnished  on  the  top  with  a  gun-platform,  sheltered  by  a  parapet,  which,  in 
the  manner  of  a  cavalier,  is  to  overtook  and  command  the  surrounding  country. 

"  In  this  manner  are  obtained  firm  pouts,  which  afTord  absolute  safety  against 
powerful  enterprises,  and  oblige  the  enemy  who  it  moving  towards  them  to  make 
a  regular  attack.  The  experience  derived  from  Saragossa  and  DHnt^ig  have  already 
taught,  on  the  one  hand,  how  short  and  ineSective  is  the  resistance  of  such  works 
if  thdr  walls  are  quite  eipoaed  to  a  direct  Bre  from  heavy  guns ;  on  the  other  hand, 
what  a  lasting  and  effective  defence  they  are  capable  of,  if  they  are  quite  sheltered 
from  the  fire  from  without :  it  becomes  necessary  therefore,  to  shelter  our  toners  and 
defensive  barracks  as  much  as  possible  from  the  effect  of  a  direct  fire,  by  means  of 
lines  of  walls  or  ramparts  thrown  out  in  front. 

"  If  the  attack  of  artillery  ia  practicable  on  all  sides,  then  the  towers  most  be 
■beltered  all  round ;  but  if  sevenl  of  these  works  form  together  a  position,  having 
in  its  rear  a  large  and  independent  main-work,  then  the  construction  of  protecting 
lines  becomes  necessary  only  on  those  sides  on  which  the  enemy's  advance  with  bat- 
teries and  approaches  is  to  be  feared. 

"That  part  of  these  works,  then,  which  lies  opposite  to  the  main-work  in  its  rear, 
may  be  considered  as  the  gorge,  and  as  such  is  only  surrounded  with  a  wall,  lo  secure 
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**  The  ditch  is  flanked  by  masked  batteries  belonging  to  the  work  itaelf,  which  are 
constructed  either  in  the  independent  eapannihrei  of  the  ditch,  or  CTen  under  the 
counterscarp. 

'*  The  latter  is  supplied  as  a  part  of  the  system,  and  the  covert-way,  opposite  the 
salient  an^e  of  the  work,  with  blockhouses. 

*'  This,  in  general,  is  the  type  of  our  independent  works,  as  is  also  shown  in  Plate 
I.  The  perfecty  safety  of  these  works  from  being  stormed  is  not  to  be  doubted,  and 
is  secured  in  the  last  stage  by  the  bomb-proof  r^duit,  occupying  the  interior  of  them. 

"  The  broad  intervals  between  the  single  forts, — the  spacious  esplanades  enclosed 
in  them,  and  the  far  extending  co-operation  of  the  guns  of  the  works,  which  protect 
offensive  movements  and  cover  retreats, — favour,  in  an  extraordinary  degree,  the  free 
movements  of  large  or  small  bodies  of  troops  in  view  of  the  enemy,  either  in  advancing 
or  retiring ;  also  the  enterprises  of  an  effective  garrison  against  a  progressive  regular 
attack  will  find  energetic  support  and  flank  defence  in  a  field  of  combat  so  well  pre- 
pared. 

"  The  step-by-step  defence  and  possession  of  the  ground  may,  by  this  method  of 
fortifying,  be  rendered  durable  ;  which  could  never  be  the  case  by  the  older  systems. 
Certainly  the  small  extension  of  the  lines  of  rampart  does  not  enable  the  single 
works  to  oppose  to  the  enemy's  artillery  an  equal  number  of  guns,  which  might  be 
sufficiently  numerous  to  enable  them  to  engage  in  a  short  warfare,  carried  on  by 
batteries ;  but  this  must  be  carefully  avoided,  in  the  defence  of  fortresses,  unless  you 
can  rely  on  undoubted  superiority ;  and  then,  by  a  careful  application  of  the  guns,  you 
will  succeed  by  keeping  some  ready,  close  under  the  *  bonnets  *  or  traverses,  to  pre- 
serve them  intact  by  means  of  woodwork  and  earth,  in  order  to  produce  them  at  the 
right  moment,  when,  by  a  few  rapid  discharges,  they  may  bring  the  head  of  the  sap 
to  a  stand-still,  disturb  the  construction  of  a  battery,  or  take  advantage  of  any  faults 
the  enemy  may  commit ;  and  though  the  use  of  the  guns  on  the  rampart  be  limited 
according  to  circumstances,  yet  the  artillery  will,  by  means  of  mortars  and  howitzers 
in  its  numerous  and  covered  pontionst  be  able  to  display  an  activity  so  much  the 
more  certain  and  uninterrupted,  as  its  position  is  not  materially  endangered  either  by 
direct  or  vertical  fire. 

'*  In  the  next  place  it  must  be  considered,  that  in  the  progress  of  a  regular  attack, 
in  each  separate  work^  every  process  incident  to  the  siege  of  a  fortress  must  be  gone 
through ;  after  which  the  assailants  will  be  checked  at  each  redoubt,  which,  of  course, 
must  be  gradually  overpowered  by  artillery,  or  by  mines. 

"  This  tedious  and  sanguinary  operation  must  be  repeated  as  often  as  there  are  single 
works  which,  by  their  co-operation,  render  their  capture  necessary. 

*'  Let  us,  for  example,  take  a  fortification  such  as  is  represented  in  Plate  I.  (German 
System),  and  it  will  be  seen  here,  that  all  four  works,  whose  mutual  strong  flank 
defences  and  supports  (as  far  as  they  are  affected  by  firing  from  covered  positions) 
cannot  be  destroyed  by  batteries  in  the  parallels,  must  be  taken  one  after  the 
other ;  and  the  enemy  cannot  consider  himself  in  possession  of  the  ground,  or  of  the 
avenue  leading  to  the  bridge,  until  he  has  taken  the  r^duit  of  the  fourth  and  last 
work. 

*'  Now,  if  we  compare  this  system  of  fortification  with  the  older  system  of  bas- 
tions, and  consider  the  means  of  resistance,  as  well  as  the  quantity  of  materials  re- 
quired for  the  construction  and  armament  of  each  of  them,  we  may  obtain  something 
like  the  following  result. 

"  If  the  distance  between  each  independent  work  be  taken  at  from  700  to  800  paces, 
then  a  line  of  rampart  (on  the  bastion  system)  which  would  surround  and  protect 
an  equal  extent  of  ground,  would  require  a  circumvallation  of  seven  fronts  of  from 

d2 


52  rOHTIFI CATION,    PERUANKNT. 

eo  to  90  rodi*  in  length.  Tbe  expense  of  bnildiog  tbii  coald  not  be  t*ken 
Dnder  1,800,000  rix'dollira,  tbit  li,  giT<ng  it  r«<retteil  etcarpi  of  the  usull  height-^ 
■Iki  raielins  tnd  a  coiert-wa;  over  the  countencarp,  and  constructing  tbe  neceiurr 
buildinga  (onlji  lucb  i»  are  commaDly  uied)  in  the  interior  of  the  work,  for  keeping 
■torcB  and  provisions  in. 

"  On  the  other  band,  the  cost  of  constructing  tbe  four  independent  works,  whose 
eorered  defensiie  spaces  afford  at  the  same  time  bomb-proof  shelter  for  troops, 
ammunition,  stores,  and  provisions,  would  not,  from  experience,  exceed  1,900,000 
rii-duliars. 

"  The  fortiflcslion  on  the  bastion  system,  would,  from  its  eileni,  require  >  garrison 
of  at  least  3000  men,  with  120  to  130  guns  and  appurtenances,  and  prOTtsions  in 
proportion ;  whereas  the  wbole  four  independent  forts  might  be  ably  defended  by 
1500  men  and  from  80  to  90  pieces  of  cannon. 

"  Tbe  former  would  have  to  surrender,  on  a  lodgment  being  accomplished  on  the 
glacis,  and  a  breach  made  and  stormed,  while  the  greater  pari  of  Itt  vbtHi  never 
took  pari  in  the  tlruggU  I  whereas  the  four  independent  forts  clnnot  be  considered 
as  overcome,  until  the  tedious  operation  of  taking  (he  works  around  each  rMuit  is 
four  times  repeated  ;  and  tlien  each  rMuit  must  be  taken. — consequently,  not  until 
all  means  uf  defence  have  been  entirely  destroyed.  Added  to  wbicb,  they  md  (with 
■  much  lets  expenditure  of  money  and  materials  for  their  construction,  annament, 
■nd  defence)  afford,  when  compared  with  the  '  bastion  enceinte,'  a  resistance  three 
tnd  four  times  as  great,  quite  independent  of  the  incalculabte  advantage  they  possess 
orer  the  latl«r,  in  having  bomb-proof  places  of  ihdter  for  the  men  and  guns  in  thOH 
parts  where  they  are  wanted, — thereby  causing  a  great  saving,  and  obtaining  a  longer 
nse  of  tbe  forces  and  materials  used  in  the  defence, — affording  rest  for  that  portion 
of  the  troops  which  is  not  actually  engaged,  but  kept  near  at  hand  as  a  reserve,— and 
Uatly,  in  the  confidence  guned  by  ^e  garrison,  from  the  knowledge  of  the  great 
Strength  of  their  works.  All  these  advantages  cannot  fail  in  producing  a  good  moral 
eAkct  on  the  troops:  besides,  in  an  independent  work  of  this  description,  a  daily 
Kli»f  of  the  garrison  is  not  required  ;  but  its  defence  would  be  permanently  en> 
trusted  to  one  division,  which  wonid  teke  up  its  quaiters  in  it,  arrange  the  different 
garrison  duties,  and  learn  to  consider  the  work  ai  its  bame.  the  defence  of  which 
would  be  a  point  of  honour,  and  the  men  would  join  their  own  existence  (o  the  last 
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oicatioiit ;  but  it  ia  not  entniited  to  an  adjacent  work  that  it  separated  from  it.  The 
masonry,  u  well  u  the  covered  batteries,  must  not  be  exposed  to  direct  fire  from  the 
parallels. 

"  Each  work  must  have  a  bomb-proof  place  of  resort  for  those  men  who  are  off 
doty.  This  place,  and  the  magazine  for  several  days*  provisions,  are  both  connected 
with  the  principal  redoubt,  lying  in  the  interior  of  the  work,  and  sheltered  from  the 
fire  from  without. 

"  This  redoubt  (if  peculiar  circumstances  do  not  prevent  it)  is  pushed  into  the  gorge 
of  the  work,  to  gain  thereby  a  more  spacious  court  in  front  of  it;  to  obtain  a  sufiiciently 
safe  position  for  the  gorge  and  gateways ;  to  enable  the  works  lying  behind  the  re- 
doubt to  observe  its  condition  when  engaged  in  close  combat,  and  render  assistance 
accordingly ;  and,  finally,  to  allow  those  of  its  covered  guns  which  project  from  the 
branches  of  the  redoubt,  out  of  the  wall  of  the  gorge,  to  take  in  reverse  or  flank  from 
behind  the  defences  of  the  gorge,  the  enemy's  lodgments  on  the  glacis  of  the  adjoin- 
ing works.    This  is  shown  in  Plate  I. 

*'  By  means  of  this  co-operation  of  the  redoubts,  the  relative  strength  of  the  inde- 
pendent works,  standing  with  mutual  reference  to  one  another,  is  greatly  increased, 
and  their  possession,  which  is  only  to  be  accompllsbed  by  a  great  sacrifice  of  time 
and  forces  on  the  part  of  the  besiegers,  is  made  a  necessity  to  them. 

**  The  covert-way,  with  its  blockhouses  and  undermined  glacis,  forms  a  first  strong 
line,  which  can  only  be  taken  possession  of  by  means  of  tapping  and  mining. 

"  The  rampart,  with  its  covered  flank  defences  of  the  ditch,  forms  a  second  and 
stronger  position  behind  the  first ;  and  to  pass  which,  counter  and  breaching  batteries 
must  be  erected. 

'*  The  redoubt,  in  the  interior  of  the  work,  as  a  '  centre  and  commanding  cavalier,' 
forms,  lastly,  the  strongest  part  of  the  whole,  and  is  generally  only  to  be  overcome 
by  mining,  provided  the  nature  of  the  ground  be  adapted  for  it. 

"  By  reference  to  the  foregoing  statement,  we  shall  come  to  the  conclusion,  that 
thus  one  of  the  main  objects  of  the  art  of  fortification  is  accomplished ;  viz.,  that 
the  strength  of  each  part  of  the  whole  of  this  system,  rampart,  r^duit,  or  caponniere, 
whether  acting  as  flank  or  front,  is,  during  the  progress  of  the  siege,  fully  developed, 
so  that  no  one  of  them  acts  only  a  passing  or  ineffectual  part,  or  falls  at  its  close 
unscathed  into  the  hands  of  the  enemy. 

"  The  Fort  of  Kaiser  Franz,  at  Coblentz,  situated  between  the  right  bank  of  the 
Moselle  and  left  bank  of  the  Rhine,  has  been  built  with  the  same  views  that  dictated 
the  formation  of  a  fortification  composed  of  single  independent  works,  as  represented 
in  fig.  2,  Plate  II.  This  fort  commands  the  passage  over  the  massive  bridge  of  the 
Moselle ;  it  has  the  Moselle  front  of  the  town  as  a  basis  behind  it,  and  the  west  or 
Rhine  front  of  Ehrenbreitstein  on  its  right ;  both  fronts  command  the  interior  of  this 
large  tSte-de-pont,  which,  from  its  construction,  is,  simple  as  it  may  appear,  in  a  high 
degree  capable  of  defence,  and,  from  its  means  of  affording  cover,  is  as  comprehen- 
sive as  it  is  conducive  to  the  movement  of  troops ;  above  all,  the  independence  of 
the  principal  part  of  the  fortification,  the  systems  of  r^duit  and  retrenchment,  Jirst 
used  in  the  new  workt  at  Coblentz^  stand  out  prominently  and  distinctly,  and  have 
lince  been  used  by  us  (the  Prussians)  as  well  in  the  large  new  fortifications  of 
Cologne,  Posen,  and  Thorn,  as  also  in  enclosing  and  strengthening  other  fortified 
places,  such  as  Saar-Louis,  Jiilich,  Wesel,  Minden,  Erfurt,  Spandau,  Kustrin,  Glogau, 
and  others. 

"  In  other  States  also,  the  system  of  independent  works  is  becoming  the  prevailing 
one;  as,  for  instance,  in  the  new  outworks  of  Mayence, — the  tdte-de-pont  at  Ingol- 
stadt, — at  Gemersheim, — in  the  towers  of  the  entrenched  camp  of  Linz,  and  in  many 


54  FORTIFICATION,    PERMANENT. 

Other  newljr.projeeted  fortiflcatioat.*  With  ngtti  to  the  tatter,  the  genertl  prin- 
ciple leemi  la  b«,  that  a  mauive  tower  or  bonib-praof  redoubt  of  ■  dilferent  form 
■bould  be  abeltered  from  a  direct  lire  from  without  by  meani  of  an  earthen -irorit 
thrown  up  in  froul ;  but  this  cover,  on  both  side),  ii  only  to  extend  back  so  far  aa  to 
enable  the  redoubt  behind  its  wings  to  give  a  strong  flank  defence  to  the  adjoining 
work.     Vide  tig.  3  in  the  Piste  U. 

"  Great  totcnt  lie  mostly  on  rivers.—lhose  arteries  and  defensive  lines  of  the  inte- 
rior of  the  conntiy,  on  which  its  strategic  defence  mainly  depends.  They  are  gene- 
rally built  where  the  principal  great  roads  cross  a  river;  thev  form  the  conflui  of 
the  tniCBc  and  prosperity  of  tbe  province ;  Ibey  contain  the  money  and  the  means 
wherewith  to  carry  on  the  war;  and  it  is  therefore  a)  indispensable  to  preserve  theae 
treasures  for  one'a  own  use,  as  to  keep  them  from  the  hands  of  the  enemy. 

"  Owing  to  this,  the  fortiGcalion  of  large  towns  has  always  been  a  main  object  with 
M;  and  with  reference  to  the  pail  and  present,  we  have  only  to  look  at  Magdeburg, 
Erfart,  Stettin,  Dantzig,  Cologne,  Coblentz,  Poaen,  and  K&nigsberg. 

"  Tbe  fortification  of  such  large  places  however  prewnti  generally  many  difGcul- 
ties,  not  only  on  account  of  the  formation  the  ground  may  have  near  the  bank  of  the 
river,  bnt  alio  on  account  of  the  conaiderahle  eipeuae  incurred  by  the  great  extent 
of  the  enceintes ;  and  it  has  therefore  often  been  inquired,  whether  it  would  not  he 
advisable  (from  the  various  advantages  preaented  by  the  application  of  isolated  inde- 
pendent works,  both  with  regard  to  their  capabiUty  of  offering  a  long  regislance,  and 
also  of  favouring,  in  a  high  degree,  all  movementa  of  troops.)  to  abandon  entirely,  in 
the  new  fortifications,  the  connected  circumvallation  of  large  placea-of-arms  and 
towns,  and  place  in  their  stead  only  a  chain  of  strong  detached  works,  but  which 
should  be  near  enough  to  one  another  to  prevent,  by  their  mutual  co-opersiion  and 
cross  £re,  the  enemy's  endeavours  to  posh  in  between  them. 

"  This  may  do  in  theory ;  but  practice  will  decidedly  condemn  it. 

"The  Maximilian  towers  at  Lini  are  only  expressly  intended  for  forming  an  en- 
trenched camp,  which  is  to  give  an  srmy,  in  case  of  its  being  defeated  on  the  Upper 
Danube,  a  safe  position  on  both  sides  of  tbe  river,  and  then  to  enable  it,  according 
to  circumstances,  to  act  again  on  the  offensive,  should  the  enemy  advance  j  also  to 
assist  the  line  of  operationa. 

"  Linz  can  therefore  in  nowise  be  considered  as  a  fortress,  though  un/bmeen  etr- 
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For  thete  and  other  reasons  it  therefore  appears  hmperativt  to  enclose  the  prin- 
cipal inner  parts  of  a  fortification  (the  centre  of  the  whole)  with  a  connected  drcum- 
Tallation,  which  is  besides  indispensable  on  account  of  the  shelter  required  from  a 
direct  fire  from  without. 

"  Accordingly,  outside  the  enceinte  (in  great  towns)  there  must  be  constructed, 
according  to  the  formation  of  the  ground,  detoched  forU  or  strong  lunettes,  thrown 
out  in  an  advance  of  from  5(M)  to  800  paces,  in  order  to  command  all  the  windings 
of  the  ground  In  front,  and  to  restrict  the  enemy's  attack  to  a  distance  of  at  least 
twice  the  width  between  the  two  parallels  from  the  main  fortification  ;  also  to  afford 
powerful  support  to  an  effectiTC  garrison,  which,  instead  of  waiting  passively,  is  ever 
on  the  lookout  for  opportunities  of  making  advantageous  sorties. 

'*  This  outer-strengthening  must  be  applied  particularly  to  the  fronts  that  are  ac- 
cessible to  an  approach,  and  those  works  must  therefore  be  especially  considered 
which  flank  the  field  of  attack,  but  which  are  secured  by  the  natural  obstacles  of  the 
ground  from  a  direct  attack  by  means  of  sap. 

"  If  the  interior  of  these  works  be  provided  with  bomb-proof  redoubts  in  the  gorge, 
which  are  adapted  for  a  flank  defence  such  as  we  have  just  spoken  of,  and  which 
cannot  be  destroyed  by  the  enemy's  silencing  batteries;  then  the  fronts,  which  were 
formerly  accessible,  may  thereby  be  rendered  nearly  inaccessible. 

*'  The  object  of  the  connected  enceinte  of  the  centre  is  more  of  a  defensive,  and 
that  of  the  system  of  advanced  lunettes  more  of  an  offensive  nature ;  so  that  by 
uniting  the  two,  all  essential  interests,  both  with  regard  to  the  defence  and  also  all 
great  operations  of  the  befriending  army  relating  to  the  fortress,  might  be  realized. 
"  In  Plate  III.  fig.  5,  is  represented,  though  only  on  a  small  scale,  the  fortification 
of  a  great  *  place-d'armes,'  surrounded  by  detached  forts  and  lunettes,  and  is  some- 
what similar  to  the  manner  in  which  Cologne  is  fortified.  The  ground  is  level  and 
approachable  everywhere,  on  account  of  which  the  division  of  the  advanced  works 
has  been  pretty  regular.  From  whatever  side  the  place  may  be  attacked,  the  suc- 
cessive capture  of  most  of  the  detached  works  will  be  necessary  before  the  besiegers 
can  advance  against  the  main-work  itself;  that  is,  provided  in  an  attack  directed 
against  the  upper  or  lower  side  of  that  part  of  the  fortress  adjoining  the  river,  in 
order  to  avoid  coming  in  contact  with  the  branch-works  on  the  right  bank,  the 
besiegers  prefer  attacking  the  more  central  fronts,  in  which  case  they  would  have  to 
take  the  works  (tinted)  one  after  the  other,  to  secure  their  approaches-  from  being 
surrounded  and  enfiladed.  And  then  the  lunettes  yet  remaining  to  the  fortress  would, 
by  increasing  the  length  of  fr^nt  that  is  attacked,  still  give  an  unusual  increase  in 
strength  to  the  fortification,  and  conduce  much  to  the  effect  of  sorties  directed 
against  both  wings  of  the  attack. 

"  If  at  the  defence  of  Kolberg  a  single  outwork,  and  of  small  extent,  could  delay 
the  attack  for  weeks,  how  much  more  may  we  not  expect  from  an  energetic  main- 
tenance of  a  field  of  combat  so  well  prepared  as  that  we  have  just  considered,  and  in 
which,  only  as  a  preliminary  to  attacking  the  strongest  part  of  the  fortress,  seven 
independent  sieges  must  take  place  in  all  their  stages,  and  during  which  a  great 
quantity  of  material  must  necessarily  have  been  consumed  by  the  besiegers ;  so  that 
perhaps  the  probability  of  seeing  their  attacking  operations  arrested  is  not  very  dis- 
tant ;  and,  at  any  rate,  the  attack  of  the  principal  enceinte  can  then  only  be  carried 
on  with  reduced  forces  and  a  confidence  much  diminished,  to  the  evident  advantage 
of  the  besieged. 

'*  This  consideration  has  further  led  to  the  question, — whether  it  would  not  be 
sufficient  to  protect  the  inner  space  of  the  fortified  ground — the  town  and  the  mili- 
tary establishments  in  it— only  against  a  coup-de-main,  by  enclosing  it  with  a  wall 
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limp]]'  loopboltd  and  fluked  by  BniBll  caponaitraa,  thus  thnmiD^  the  retl  itrcngtli 
of  Ihe  defrnce  enlirelj  on  to  the  ch«in  of  advanced  delached  works,  and  inrreaiing, 
M  much  as  poisible,  their  capability  of  resiElaiice,  by  employing  all  thate  meini 
which,  in  the  simple  cnnttruction  of  the  inner  enceinle.  were  not  made  uie  of  Thii 
propoiilion  ilio  muit  certainly  b«  condemned  ;  for  eien  if  you  cin  give  the  advanced 
worki  a  aomevrbat  greater  abiolute  strength  by  increasing  their  e:iten>ion,  by  giving 
them  more  covered  batteries,  hy  increasing  the  height  of  their  walls,  and  giving  them 
altogether  an  opportunity  of  developing  greater  forces, — yet,  on  Ihe  nhole,  no  much 
more  favourable  result  will  be  obtained  than  was  to  be  expected  from  the  other  cod- 
■tractioD  and  disposition  of  the  works,  even  without  increasing  their  strength  in  the 
manner  we  have  shown  ;  for  the  eounteiscarp.  the  rampart  with  its  flank  defences, 
and  the  redoubt,  will  still  have  to  be  overcome,  one  by  one,  by  means  of  sapping, 
artillery,  and  mines. 

"  Consequently,  in  strengthening  single  outposts  at  the  expense  of  the  priudpal 
enceinle  lying  behind  them,  on  the  one  hand,  all  the  benefit  Ibat  was  to  he  expected 
might  not  be  obtained ;  and,  on  Ibe  other  band,  it  might  produce  this  etil  conse- 
quence, that  after  the  taking  of  a  few  forts,  the  simple  line  of  walls,  only  intended 
for  a  defence  against  a  coup-de-main,  would  be  breached  in  a  few  days  by  heaTy 
artillery,  and  the  duration  of  the  siege  would  thereby  lose  twice  ai  much  time  aa 
may  have  been  gained  in  the  defence  of  the  outposts. 

"  Neitber  would  it  be  justified  by  tactics:  as  if,  for  instance,  an  army  acting  on 
the  defensive  were  to  employ  the  greater  number  of  its  men  in  the  occupation  and 
defence  of  the  villages,  farm-houses,  and  hedges  lying  ia  front  of  its  position,  and 
were  to  keep  only  a  small  reserve  in  its  centre,  which  would  not  he  strong  enough 
to  defend  it  in  ease  a  village  were  lost,  and  the  enemy  were  to  push  on  with  an  over- 
whelming force,  and  endeavour  to  break  through  the  posiliou. 

"The  main  position,  then,  should  always  be  strong  enough  to  be  able  to  maintain 
a  aiege  with  effect,  even  after  the  advanced  uutworks  have  been  destroyed.  And  the 
dfftrKt  ihonld  gain  in  entrgy  m  jproporfion  <u  thai  of  the  btn-gert  brgira  to  ilaeken. 

"  The  principal  enceinte  should  therefore  be  Ihe  strongest  part  of  the  position, 
unless  parlicnlar  dreumstances  in  the  formation  of  the  ground  render  a  deviation 
necessary. 

"  The  qnesUon  now  arises,  how  the  necessary  independence  of  the  ditTerent  parti 
ii  to  be  applied  to  the  formation  of '  nrloied prim 
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at  mdi,  command  the  intermediate  lines  of  commnnication,  sweeping  them  both  out- 
side and  inside. 

*'  A  fortification  so  constructed  hu  this  great  advantage,  that  it  can,  in  case  of 
need,  be  maintained  against  superior  numbers  by  a  small  force,  which  is  then  con- 
centrated in  the  detached  works.  From  the  position  of  the  redoubts  with  regard  to 
the  two  straight  faces  of  the  fort,  and  which  adjoin  the  principal  one,  it  is  imme- 
diately seen  what  great  support  they  can  give  the  latter  by  their  flank  fire ;  and  it 
may  be  supposed  that  the  greater  half  of  the  outer  fortification,  with  its  redoubts 
and  flanks,  must  be  laid  in  ruins  before  the  crowning  of  the  glacis  of  the  principal 
redoubt  can  be  effected. 

**  The  enceinte,  of  which  fig.  2,  Plate  II.,  represents  a  part,  is  organized  entirely 
on  similar  principles. 

"  The  principal  redoubts,  with  their  counterguards  thrown  out  in  front  of  them, 
and  forming  a  bastion,  are  here  the  detached  works,  which  occupy  the  principal 
points  in  a  distance  of  from  700  to  800  paces  of  each  other,  and  are  connected  by 
means  of  lines  of  retrenchment. 

"  This  is  the  type  of  a  fortification  such  as  will  be  applied  in  the  intended  circum- 
▼allation  of  several  large  '  p1aces-of-arros,'  and  some  of  which  are  now  in  course  of 
construction,  but  only  to  those  fronts  subject  to  a  regular  attack.  In  this  polygonal 
fortification  the  fronts  receive  a  length  of  about  150  rods,  or  620  yards,'  nearly,  but 
in  which  the  line  of  defence  will  not,  as  the  flanking  of  the  connecting  lines  proceeds 
from  the  redoubts  in  the  centre,  be  longer  than  75  rods,  or  350  paces,  and  are  conse- 
quently adapted  for  the  use  of  case-shot  as  well  as  musketry.  With  seven  such  fronts, 
the  same  space  might  be  enclosed  as  would  be  included  in  the  dodecagonal  bastion, 
consisting  of  polygonal  sides  only  90  rods  long ;  whereby  is  obtained  (independent 
of  the  disadvantage  the  latter  has  in  not  being  able  to  afford  sufiicient  defence  to  its 
lines)  this  important  consideration,  that  the  heptagon  with  large  fronts  (including 
the  sweeping  of  the  ditches  in  front  of  the  counterguard  of  the  redoubt)  requires 
altogether  only  twenty-eight  flank  defences,  while  the  dodecagon,  with  its  bastion,  re- 
quires forty-eight  (including  its  ravelins),  and  giving  each  only  two  pieces  of  artillery, 
shows  a  greater  expenditure  by  forty  guns,  with  men  to  serve  them. 

'*  In  the  heptagon  with  large  fronts,  this  increase  can  either  be  dispensed  with,  or 
else  it  can  be  applied  to  the  strengthening  of  single  flanks. 

"  The  redoubt  in  the  centre  of  the  front,  and  which  can  be  safely  connected  with 
the  two  caponnieres  of  the  ditches  of  its  counterguard,  unites  in  itself  all  the  flank 
defences  of  the  front, — sweeps,  commands,  and  overlooks  all  its  lines,  both  within 
and  without, — affords,  besides,  covered  places  of  accommodation  for  the  men  and 
stores, — and  constitutes  thus  a  separate  strong  redoubt,  or  citadel,  on  every  front. 

"  Owing  to  the  deep  position  of  the  flanking  batteries,  there  are  no  places  in  the 
ditches  which  cannot  be  seen. 

"  Troops,  with  every  description  of  arms,  can  be  marched  in  sections  along  each 
front  by  two  roads  (as  indicated  in  fig.  2,  Plate  II.);  and  these  lead  besides  through 
the  safely  situated  gates  (at  a  and  b)  to  the  right  and  left  of  the  redoubt  into  the 
main  ditch, — from  this  convenient  appareil^  into  the  re-entering  *places-of-arms'  of 
the  covert-way,  and  from  them  again  through  the  sally-port,  on  to  the  glacis. 

"Eight  columns  can  thus  'dcbouche,'  at  the  same  time,  on  the  four  adjoining 
fronts  (without  regard  to  any  large  gates  that  may  exist),  by  which  means  any  move- 
ment of  troops  can  be  effected,  either  for  extensive  operations,  or  for  the  purpose  of 
a  vigorous  defence. 

"  Cavaliers,  or  *  casernes  defensives,'  are  sometimes  employed  immediately  in  the 
rear  of  each  front,  which  secure  shelter  for  the  troops  immediately  engaged  in  the 
defence  of  the  fronts  attacked, — as  at  Ingolstadt.     Vide  fig.  2,  Plate  II. 
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-  VvniMt,  U  «iU  b«  Kea,  thd  the  Uoei  of  the  bodr  of  the  plue,  which  are  con- 
hUtt.'MJ  ID  u  *iRip1e  *  manner  u  poisible,  »re  quite  sheltered  from  enflUde;  and 
ihM  t>i  vxlewliiif  Ihem,  sufficient  room  ii  gained  to  allow  of  the  gum  being  moved 
ai  •hikwM  periudi  of  the  liegt. 

"  rtir  Icii^ih  of  the  facea  of  the  counterguardi  toiy  be  very  effeclnillj  covered  bj 
utMiia  ul'  AaUw  Irtnirta,*  which  ma;  be  placed  at  the  aalienll  of  thete  noriii,  in 
(hr  direction  of  (he  capitals,  at  H,  in  fig.  2.  Such  hollow  trareraea  are  litaated  in 
llw  Kiuanrir,  and  are  quite  sheltered  from  without :  titj  pruject  above  the  line  of 
Si«  of  the  work  onlf  bjr  a  parapet  4  feet  high ;  ao  that,  seen  from  the  outside,  the; 
liHik  merelj  like  common  Iraveraei.  Their  vaull  (or  casemate;  or  galierj),  under  the 
rampart,  pietenl*  a  safe  shelter  for  the  men,  and  the  upper  part  of  them,  Ijing  on 
the  rampart,  will  accommodate  several  heavy  howitzers,  or  short  Sl.pounders,  which, 
being  completely  sheltered,  can  lire  over  the  parapet  to  the  right  and  left,  on  to  the 
ground  of  alltck.  Aa  aoon  »a  the  attack  merges  iato  the  last  period,  and  proceed* 
from  the  third  parallel  to  the  glacis  of  the  counterguird,  in  order  to  effect  loi^> 
pient  there  for  the  construction  of  counter  and  breaching  batteries, — and  when  the 
■tiscking  batteries  are,  &om  the  posiliao  of  Ihe  parallels  and  approaches,  very  much 
hindered  from  developing  their  full  activity. — then  the  guns  of  the  fortress  take  up 
the  war  again,  with  increued  effect,  as  from  10  to  12  pieces  of  ordnance  commence 
thdr  fire  now.  quite  uneipecledly,  from  the  covered  positions  in  each  of  the  three 
or  four  main  works  Overlooking  the  Geld  of  attack.  Their  poution  is  better  ahowu 
by  (he  line  H  R,  (ig,  2 :  they  stand  sheltered  partly  in  the  hollow  traiertes  in  the 
sahents  of  the  counterguard,  partly  in  the  two  stories  of  the  redoubt,  which  ire 
adapted  for  artillery,  and  of  which  the  upper  one  lies  hi^  enough  to  sweep,  bj 
direct  fire,  the  slopes  of  the  glacis  of  the  adjoining  salients,  as  is  indicated  by  line* 

"The  enemy's  lodgmenta  an  the  crest  of  the~gUci*  are  thus  subjected  to  a  dank 
and  reverse  dre  from  a  position  completely  sheltered  by  the  wall  of  the  counter- 
guard,  which  he  will  find  great  difficulty  in  counteracting.  But  if,  notwithstanding 
these  difficulties,  the  besiegers  did  sueeeed  in  erecting  counter-batteries,  and  were 
alio  determined,  in  spite  of  the  flank  and  revene  fire  whieb  cannot  be  silenced,  to 
destroy  the  flank  defences  of  the  front,  tbey  would  then  be  opposed  to  a  superiority 
of  twice  their  number  of  guns,  half  of  which  are  situated  in  covered  positions  in  the 
caponnieres  of  the  ditches,  or  in  the  caiemated  Banks.    Therefore  it  is  hardly  pos- 
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each  other ;  and  it  can  therefore, '  by  means  of  these  small  citadels,  which  command 
those  streets  and  parts  of  the  town  which  are  near  them/  carry  on  the  defence  to  the 
▼ery  last. 

"  These  are  the  general  principles  which  characterize  our  new  fortifications, — these 
the  objects  which  determine  their  disposition,  and  which  were  suggested  by  Vauban 
and  Sorwigai, — better  understood  by  Rimpler, — were  defined  by  Montalembert,— 
and  lastly,  confirmed  by  experience  in  warfare,  as  being  the  desired  attainments. 

**  The  objects  of  the  new  fortification  are  principally  to  remedy  the  evident  defects 
in  the  '  System  of  Bastions,'  which  have  been  obviated  by  the  introduction  of  inde- 
pendent and  detached  works,  also  of  covered  batteries,  which  cannot  be  destroyed 
from  without, — of  bomb-proof  places  for  the  troops  in  the  works  themselves,  and 
also  in  those  positions  where  they  are  required  for  the  defence, — by  the  construction 
of  advanced  and  detached  outposts, — and  lastly,  by  establishing  practicable  and  safSs 
communications  for  all  movements  of  troops. 

**  If  these  principles  have  been  the  leading  ones,  in  the  newly  constructed  works 
of  fortification,  still  there  has  been  no  fixed  system  observed  by  us. 

"  An  incalculable  number  of  places  have  been  systematically  constructed  with  the 
same  trace  and  profile,  and  supplied  with  the  same  outworks,  without  regard  to 
whether  any  part  of  them  was  on  unapproachable  ground,  and  liable  to  a  regular 
attack  or  not. 

'*  What  a  saving  might  here  have  been  effected,  or  how  might  other  parts  have 
been  strengthened,  without  additional  expense,  if  the  unapproachable  fronts  had  been 
merely  secured  against  a  coup-de-main,  and  the  means  thereby  spared  had  been  ap- 
plied to  the  fronts  that  were  liable  to  be  attacked,  or  to  the  advanced  outposts  I 

**  Br^zb, 
"  General  Major  and  Engineer  Inspector." 


OBSERVATIONS    ON    THE    NATURE   OF   FORTRESSES,    IRRESPECTIVE 

OF   SYSTEMS.* 

Tlie  value  of  fortresses  without  reference  to  systems  is  more  diflScult  to  define. 
Fortification  has  been  noticed  in  this  work,  sa  Field  Fortification  and  Permanent ;  as 
also  the  system  of  mines,  with  the  several  accessories.  In  the  second  relation  it  is 
proposed  to  consider  the  value  of  fortification  simply  as  affording  cover  to  the  few  or 
many  who  desire  to  protect  themselves  from  a  superior  force, — superior  either  in 
means  or  numbers.  The  various  contrivances  now  adopted  in  war  are  given  in  this 
work,  from  the  pah  of  the  New  Zealander,  and  Turkish  mode  of  entrenching  them- 
selves with  pick  and  shovel  and  felling-axe  for  converting  the  resources  of  the  spot 
for  immediate  defence,  to  the  more  complicated  means  of  the  abbatit,  stockades, 
fouffasses,  and  trous-de-loup ;  thence  to  the  place  du  moment,  to  the  entrenched 
camp  and  position,  and  to  fwtresses. 

The  application  or  misapplication  of  these  resources,  as  ignorance  or  pedantry  have 
dictated,  gives  a  fortuitous  and  meretricious  importance  to  places ;  and  so  it  often 
occurs  that  places  of  inferior  merit  obtain  a  character  foreign  to  the  original  design ; — 
as,  for  example,  Burgos,  a  mere  field-work,  being  attacked  by  theDuke  of  Wellington 
with  inadequate  means. 

The  value  of  fortified  places,  from  the  siege  of  Syracuse  by  the  Athenians  to  that 
of  Sebastopol  in  1855,  has  little  reference  to  systems;  hence  the  difficulty  of  esti- 

*  Bj  Ifi^or-Generml  Lewis,  C.B.,  R.E. 
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initiDg  Ih^  Tilne,  if  tbe  poaitioD,  object,  and  ftcility  of  being  attacked  are  not  well 
appreeialed.  We  see  enrj  dtj  eipensirc  vorks  built  for  an  inferior  purpoae,  al- 
though  tb«  fortificitians  are  tbe  best  of  tbe  kind.  Again,  ve  perceive  important 
poiiiioni  occupied  by  lery  inferior  work).  Again,  we  see  fortresses  of  great  impor- 
tance, and  of  vast  eipenie  in  execution  in  one  war,  of  no  value  in  the  next.  Then 
comes  tbe  clamoar  of  wbat  is  tbe  use  of  fortification,  and  the  great  reluctance  to 
expend  inoaey  upon  them.  And  a  fort  or  fortress  may,  by  its  poaition,  have  a  value 
far  above  its  merits  ai  regards  conitmclion,  by  the  impracticability  or  eitreme  diffi- 
culty of  attacking,  or  even  investing  it:  we  may  quote  Sebastopol  as  an  eiample. 
Notwithstanding  the  celebrity  of  tbe  siege,  the  works  were  not  constructed  after 
any  system,  being  merely  formidable  breastworks,  well  armed,  adapted  to  the  con- 
tour of  the  ground, — lomewhat  after  the  Roman  encampment  we  may  now  see  be- 
tween Dorchester  and  M'eymouih, — supported  by  a  large  and  well-disciplined  aimy. 

Here  it  may  be  observed  that  the  English  engineers  advocate  no  particular  system, 
and  are  willing  to  follow  any  suited  to  their  purpose,  having  perhaps  some  opinion 
of  the  Battion  Syiltm  in  its  primitire  construction,  with  iti  lines  of  defence, — so 
that  no  part  ahould  be  left  unieen,  its  deep  ditches,  and  counterscarp,  and  glacis,^- 
and  are  disposed  to  eschew  the  many  eipedienta  and  contrivances  dictated  by  pe- 
dantry and  involTing  eipenae,  which  cause  distrust  in  the  value  of  the  art.* 

Hence  the  necesiily  of  returning  to  that  school  of  which  the  great  Vauban  iraa 
the  master,  and  studying  his  projects  and  schemes  of  defence,  considering : — First  the 
object  in  view,  whether  temporary, — (hat  is,  if  for  the  object  of  the  wu  or  for  the 
campaign, — defensive  or  offensive,  or  for  tactical  operations  of  the  moment ;  or 
whether  as  a  permanent  defence  against  a  power  always  aggressive,  and  ready  and 
able  to  take  advantage  of  the  weakness  of  a  rival  power.  Secondly  (a  point  of  very 
great  importance,  and  not  often  well  considered),  the  facility  of  affording  succour  in 
time,  either  in  men,  communication,  or  provisions,  according  (o  its  internal  re- 
Bources.  Even  the  strongest  fortress  may  succumb  if  not  relieved  by  sea  or  land,  and 
therefore  the  poaition  of  a  fortified  place  should  be  taken  up  in  reference  to  this 
condition:  an  inaccessible  point  is  of  little  value  unless  it  can  be  relieved.  But 
relief  may  be  accomplished  in  two  ways :  by  a  mare  powerful  force  than  the  fae- 
■iegera,  or  by  stratagem,  or  by  the  change  of  seasons  rendering  the  blockade  or  siege 
no  longer  possible,  as  in  the  rainy  season  in  India ;  or  by  intense  frost,  as  in  Canada. 
Food,  being  a  perishable  article,  cannot  be  depended  upon  beyond  a  certain  period. 
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reliered,  tnd  nature  of  ground ;  as,  for  example,  no  expense  laid  out  upon  either 

Portsmouth  or  Dover  can  be  too  great,  whilst  fortifying  Edinburgh  should  be  the 

minimum  of  defensive  works,  such  as  barricades  and  loopholes,  against  the  possible 

attack  from  Russia.    The  engineer  should  not  be  led  astray  by  his  ingenuity  and 

skill  in  the  construction  of  works,  and  so  entail  an  expense  quite  at  yariance  with  the 

circumstances  of  the  case.    Whether  the  place  be  large  or  small,  an  ample  supply  of 

water  is  necessary,  with  good  cover  for  the  men  and  stores.    The  emplacement  for 

artillery  should  be  well  chosen,  so  as  to  obtain,  at  least  at  first,  a  superiority  of  fire. 

If  the  points  adverted  to  in  the  value  of  fortresses  and  fortified  places  are  not  well 

considered,  the  art  gets  into  disesteem,  and  governments  are  unwilling  to  incur  the 

responsibility  of  expending  large  sums,  sometimes  for  objects  of  little  value.    And 

yet  forts  and  fortresses  become  valueless  under  circumstances  over  which  the  engineer 

had  no  control  or  which  he  could  not  foresee,  such  as  the  extension  or  alteration  of  a 

line  of  frontier ;  but  this  rarely  applies  to  maritime  frontiers.    Prolonged  defence,  or 

rather  duration  of  resistance,  has  not  been  taken  into  account,  from  the  uncertainty  of 

calculation  of  the  resources  of  an  enemy.   A  prolonged  resistance  is  sometimes  gained 

by  the  want  of  means  and  skill  of  the  besiegers ;  or,  vice  vendf  a  powerful  enemy, 

with  every  resource  at  his  command,  can  bring  the  resistance  to  the  minimum  of 

time.    And  a  false  position  of  a  fortified  place  may  reduce  it  to  the  latter  alternative, 

whilst  in  another  it  would  become  almost  impregnable ; — as,  for  instance,  Pampeluna 

in  Spain ;  whereas  Radstadt  in  Central  Germany,  near  the  Rhine,  where  so  much 

money  and  skill  have  been  expended,  may,  by  its  position,  be  taken  in  a  few  weeks, 

because  it  is  so  placed, — within  a  day's  march  of  Strasburg,  a  fortress  containing 

every  means  of  attack,  being  a  vast  dep6t  of  artillery  and  every  resource  necessary 

for  siege  operations. 

6.  G.  L. 

APPENDIX  A.* 

Report  of  ExperimentB  carried  on  at  Woolwich  m  1822,  agairut  Camoft  Detached 

Revetment, 

In  the  summer  of  1822,  the  Duke  of  Wellington  being  Master-General  of  the  Ord- 
nance, it  was  determined  to  make  experiments  on  the  possibility  of  breaching  walla 
protected  by  earthen  counterguards,  as  proposed  by  Camot,  in  his  System  of  Defence, 
by  firing  over  the  crests  of  such  counterguards. 

It  was  first  desirable  to  ascertain  the  smallest  elevation  at  which  shot  could  be 
fired,  if  it  were  practicable  to  throw  shot  at  all,  which,  clearing  the  counterguard, 
should  fall  sufficiently  in  their  flight  between  it  and  the  wall  to  strike  the  latter  low 
enough  to  open  a  practicable  breach,  and  what  charge  and  elevation  were  most  suit- 
able for  this  purpose ;  and  next  it  was  to  be  determined  whether  shot  so  thrown  had 
sufficient  momentum  to  ruin  masonry. 

Experiments  were  accordingly  made,  with  the  first  object,  in  twenty-eight  days, 
between  August  2nd  and  September  24th,  1822,  by  firing  over  a  bank  of  earth  66  feet 
long,  and  in  section  similar  to  the  upper  part  of  Carnot's  counterguard,  having  its 
crest  12  feet  above  the  level  of  the  experimenting  batteries.  The  distances  from  the 
top  at  which  the  different  shot  would  have  struck  the  wall,  were  known  by  the 
height  at  which  they  struck  a  bank  of  earth  thrown  at  the  proper  distance  (60  feet) 
in  rear  of  the  counterguard ;  and  for  those  which  struck  the  ground  between  the  two 
mounds,  by  measuring  the  distance  from  the  foot  of  that  in  rear ;  and  all  which  were 
stated  to  strike  lower  than  12  feet  were  thus  obtained. 

The  details  of  the  experiments  are  given  in  the  following  Table : — 

*  From  th«  Moond  Tolums  of '  Corps  Pap«n.* 
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The  tint  two  Aija  were  comidered  u  preliminary,  consequently  their  practice  i) 
not  included  in  the  pre«ding  Tahle:  from  (he  result!  ol  the  others  it  vai  decided, 
that  with  elevations  of  10°  and  I T,  it  was  not  possihie  to  strike  llie  wall  loirer  tban 
16  feet  from  the  top  i  that  only  f  ths  of  the  ihol  and  shells  so  Itred  would  take  effect 
upon  the  wait  at  all ;  and  of  those  that  did,  only  about  ^Ih  at  more  than  12  feet 
from  its  top,  or  -^th  of  the  whole  number,  fired.  This  opinion  was  formed  afler 
4S7  rounds  from  different  description*  of  heavy  ordnance  had  been  fired,  at  nngei 
of  400  and  500  yards,  with  elevations  not  exceeding  II  j°. 

Four  hundred  and  eighty  rounds,  at  similar  ranges,  were  fired  at  elevations  of  IS"; 
and  it  appeared  that  between  fths  and  }ths  would  have  taken  effect,  of  which  fthi, 
nr  Jlh  of  the  whole  number  of  rounds,  would  have  struck  the  wall  lower  than  12  feet 
from  its  top. 

Of  the  9G7  rounds,  only  144  fell  short;  and  of  the  503  rounds  remaining  unac- 
counted for,  it  wu  considered  that  all  eicept  37  would  have  itruck  the  haition  in 
rear  of  the  wall,  if,  according  to  the  arrangement  of  Camot'i  aytlem,  such  work  had 
been  constnicled  there. 

The  eiperimenta  having  proved  that  shot  or  shells  could  be  fired  at  angles  of  1 5°, 
BO  as  to  strike  the  wall,  even  at  its  foot,  it  remained  to  be  determined  whether,  when 
M  fired,  their  momentum  was  sufficient  to  breach  it,  the  small  charges  necessarily 
nted  to  attain  Ihc  first  object  rendering  this  doubtful. 

A  portion,  30  feet  in  length  at  bottom  and  2S  feel  at  top,  of  a  wall  corresponding 
to  that  proposed  by  Carnot,  was  accordingly  built  with  bricks,  in  the  summer  of 
1B23. 

Kg.  1.— Plan  of  the  lUropart,  Wall,  wid  Counterguari 
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tlwUKteTiqirMCiitBdIiUbutiol],  bung  at  tbe  ume  duUnce,  butwuonljearriBdDp 
i  fixt  h^ber  thu  lb«  mil,  *ail  «u  therefore  8  feet  loner  thu  that  propoMd  L; 

On  the  Sth  of  Auguit,  1824,  a  jc»i  after  the  mmpletion  Of  the  will,  dght 
6S-poaDder  CBironade),  in  batteiy  SOO  yardi  from  the  creit  of  tbe  conatei^iurd, 
three  S-iaeh  uiil  three  lO-ioch  iron  howitzen,  at  a  diatance  of  400  jaidi, — in  all 
fouTtcen  juecei, — fired  lOQ  rounila  each  in  abont  aii  boon,  the  howitien  firing  live 
tbelU  GUed  with  powder,  and  the  canonadei  lolid  shot. 

A  practicable  breach,  14  feet  in  width,  wai  made  bj  their  fire,  and  the  bnttreuea 
were  much  injared  (lee  figt.  3  and  4). 


*  of  the  Wall,  ihowing  the  effect  of  the  fint  and  wcond 


—Side  View  of  the  Wall  after  the  ucond  dar'*  ^k. 


The  splinter]  of  the  ahella  proving  inconvenient  to  the  men  in  the  nearer  tiatteiy, 
the  [oading  of  the  shells  wai  diminished. 

On  the  Gib  of  Augutt  the  tiring  recommenced  from  eight  6S-ponnder  carTDnadei, 
at  500  Tarda;  two  8-mcb  iron  howitzen,  and  four  lO-inch  ditto,  at  400  jrards:  50 
munds  per  piece  were  fired  in  two  boura,  when  the  breach  was  examined,  and  foond 
to  he  complele  in  eierf  napect,  and  the  buttresiet  to  be  in  the  nunoua  atate  abown 
bf  the  darker  tbadei  of  figa.  3  and  4, 

On  the  5th  and  6lh  of  August,  two  of  the  B-incbaod  two  of  the  lO-incbhomtiers, 
and  four  of  the  caminade],  had  been  placed  on  high  traversing  platforma,  ao  aa  to 
nlM  them  nearly  to  the  natural  level  of  the  country,  according  to  Camot'i  syitem ; 
but  His  Grace  the  Matter-General,  who  examined  the  breach  at  this  period,  having 
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given  direetioni  tbit  ill  th«  ordnince  ahonld  be  pUc«d  on  eommon  or  groimd  pUt- 
fonna,  the  me  of  the  travening  platfomu  wu  discontinued.  It  had  preTiooa];  been 
obuned  that  do  advantage  or  superior  accuracy  of  fire  attended  raising  the  guns. 

His  Grtce  alto  ordered  that  the  rubbish  should  be  cleared  from  the  breach  ;  and 
it  was  found  that  the  wall  was  about  5  feet  in  perpendicular  height  in  front,  with  ■ 
nmnding  of  rubbish  of  about  2i  or  3  feet  at  top,  and  about  Si  or  9  feet  in  he^t 
towards  the  rear  (fig.  5). 

Hg.  5. — Front  Vicir  of  the  Wall  when  the  Rubbish  nas  cleared  vmj  from  the 
fiaiACH,  after  the  second  day's  fire. 


On  the  I  Ith  of  August  the  batteries  recommenced  their  fire  from  eight  GS-poimder 
canoaadcs,  at  500  fards,  and  six  10-inch  howitzers,  at  400  jardsi  when  85  rounda 
from  each  hanitzcr,aad  100  rounds  from  each  caironade,  were  fired  in  three  houn  and 
ahalf,b]'nliichtiaie  the  nail  and  buttresses  were  one  mais  of  ruin  (see  figs.  6  and  7}. 


Fig.  6.— Front  View  of  the  Wall  after  the  third  and  last  da;'a  Sre. 


FOUGAS8E8.  S7 

Fig.  8.~Genentl  View  of  the  Coontergoard  in  front  of  the  Wall  after  the  last 

day's  fire. 


W.D. 


FOUGASS.*  COMlfON   FOUOA88ES. 

Fougattet  Ordinairet, — These  are  small  mines  made  by  simply  placing  a  box  of 
powder  at  the  bottom  of  a  pit  ezcaTated  for  the  purpose,  from  3  to  4  yards  deep. 
They  are  usually  fired  by  means  of  an  auget  led  up  the  side  of  the  pit,  and  then 
parallel  to  the  surface  of  the  ground,  at  a  depth  of  from  2  to  3  feet. 

The  bottom  of  the  pit  should  be  made  firm ;  the  box  containing  the  powder  and 
the  auget  well  pitched  OTcr,  to  keep  out  the  damp ;  and  in  filling  up  the  pit  again, 
care  should  be  taken  that  the  earth  is  well  rammed,  and  the  ground  around  turned 
up  for  some  distance,  so  that  nothing  may  indicate  the  position  of  the  fougass. 

SHELL   FOUOA88ES. 

FongasHt  a  Bombei, — These  are  formed  by  burying  shells  which  are  connected 
together  so  as  to  explode  simultaneously,  either  in  the  place  where  they  have  been 
lodged,  or  as  they  come  to  the  surface  of  the  ground.  The  shells  are  placed  in  the 
upper  part  of  a  box,  which  is  divided  horizontally  by  a  partition  with  holes  in  it,  to 
allow  the  fiizes  of  the  shells  to  project  down  through  them. 

In  the  lower  part  of  the  box  sufficient  powder  may  be  placed  to  project  the  shells 
to  the  surface  of  the  ground ;  or  in  case  it  is  intended  that  they  should  explode  where 
they  are  lodged,  the  powder  hose  may  be  connected  directly  with  them.  These  are 
principally  used  for  the  defence  of  the  glacis,  and  are  represented  in  figs.  1,  2,  and  3, 
in  the  Plate. 
Single  shells  may  also  be  used  :  in  this  case  the 

8-inch  should  be  placed  3  feet  deep, 
10-inch        „  „      5         „ 

13-inch        ,,  „      6        „ 

STONE   FOUGASSES. 

Fouganet  Pierriers. — An  excavation,  in  the  form  of  a  frustum  of  a  cone  or  pyra- 
mid, corresponding  nearly  with  the  form  of  the  entonnoir  of  the  intended  fougass, 
is  made ;  and  a  box  of  powder,  to  project  the  stones  or  other  projectiles  with  which 
the  excavation  is  to  be  filled,  is  placed  under  a  2  or  3-inch  board  at  the  bottom  of  it. 
The  axis  of  the  excavation  should  be  inclined  to  the  horizon  at  an  angle  of  about  40^ 
and  the  sides  inclined  to  the  axis  at  an  angle  of  24°.  Care  should  be  taken  that 
there  is  sufficient  weight  over  the  fougass  to  make  the  line  of  least  resistance  cor- 
respond with  the  axis. 

As  the  effect  of  these  mines  is  nearly  the  same  whether  the  conical  form  is  adopted 
or  that  of  the  frustum  of  a  pyramid,  and  as  this  latter  offers  great  advantage  from 
the  simplicity  of  its  form  and  the  greater  rapidity  of  execution,  it  has  not  been 
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thought  nectauij  to  give  direction)  for  the  conitniction  of  the  cUipiei  of  the 

Figj.  7  and  4  reproent  the  plan  and  >«ction  of  » ftongut,  which,  wiLb  »  chu^  of 
60tbi.  of  powder,  will  thron  from  3  to  4  cubic  jaidi  of  hricks  or  itonea  from  40  to 
SO  yards,  spreading  over  «  nearly  equal  breadth. 

la  DO  cue  should  more  ground  be  broken  than  ii  absolutely  necessary.  If  It  it 
firm,  an  excavation  may  be  made  at  once,  of  the  form  indicated  in  fig.  S ;  hut  if  the 
ground  is  bad.  the  back  should  be  revetted  with  sods,  as  in  fig,  S,  The  auget  ia  placed 
in  a  trcDcli  of  ^wut  1  foot  wide  by  2  feet  deep. 

Figi,  5  aud  G  represent  the  plan  and  section  of  a  fougass,  in  which  [he  back,  ndel, 
and  bottom  arc  made  of  plank,  of  the  dimensions  given.  In  bad  ground,  this  ii  a  good 
plan ;  indeed  it  is  advisable  to  me  wood  for  the  support  of  the  bacV  wherever  there 
is  under- cut  ting. 

This  plan  waa  tried  eiperimentally  at  Athlone,  in  1S43.  It  is  very  readily  exe- 
cuted, and  produces  a  very  good  effect, 

fi^  8  and  1 0  repreaent  the  method  which  is  used  when  it  is  not  wished  to  cbarge 
the  fougaSi  lill  just  before  ii  ia  intended  to  fire  it.  In  other  cases  the  powder-boi 
is  slipped  donn  a  sort  of  shoot,  which  is  immediately  filled  with  sand-bags ;  and  the 
pit  in  rear  of  it,  as  well  as  the  trench  for  the  auget,  filled  in  with  earth. 

Rg,  9  representa  a  method  hy  which  a  more  nuanle  fire  may  be  obtained,  and 
which  might  be  employed  for  the  purpose  of  danlung  ditches.  In  this  case  the  axis 
isjiuclined  aliout  20°  to  the  horizon ;  the  sides  are  inclined  to  each  other  at  an  iDgto 
u(  45°.  A  rcTetment  of  aods  is  represented,  for  Ihe  purpose  of  conflnii^  the  ebargs 
to  the  direction  of  the  axis. 

FRAISE. — /Vaim'are  palisades  laidliorizonlally,  or  nearly  so,  and  they  are  fixed 
together  in  the  same  way :  they  ha<e  been  usually  placed  oa  the  term  of  works,  and 
may  be  considered  the  smallest  obstacle  for  defensive  purposes ;  they  are,  besides. 
expensive,  and  difficult  of  execution,  and  are  therefore  rarely  applicable  to  field- 
works,  and  can  only  be  fixed  in  permanent  fortification  advantageously,  at  expldned 
in  the  diagram. 
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use  is  of  wrought  iron :  the  exterior  dimensions  are,  37  inches  long,  23  inches  broad, 
and  24  inches  deep ;  outside  case  \  inch ;  inside  frame  •}-  inch ;  bound  with  i-inch 
straps  of  iron ;  can  be  taken  to  pieces  at  pleasure  by  removing  six  screw-bolts ; 
will  contain  fifteen  32-pounder  shot,  placed  on  three  wrought  iron  bars,  2|  inches  in 
diameter,  not  fixed.  The  chimney  is  2  feet  6  inches  high ;  the  flue  14  inches  by  6 
inches,  made  in  two  pieces.  The  whole  mounted  on  four  cast  iron  trench-wheels, 
18  inches  in  diameter.  Rings  are  fixed  to  the  bottom  of  the  frame,  to  which  drag, 
ropes  may  be  attached,  for  the  purpose  of  transporting  the  machine ;  the  weight 
complete  (but  without  shot  and  fuel)  being  about  720  fbs. 

The  following  was  the  report  of  the  committee : — 

"  Being  charged  with  a  quantity  of  shavings  and  light  wood,  I  bushel  of  coals,  and 
2^  bushels  of  coke,  the  fire  was  lighted  and  allowed  to  bum  twenty  minutes ;  fifteen 
32-pounder  shot  were  then  put  in ;  in  forty  minutes  they  were  serviceably  hot,  and 
in  one  hour  and  a  quarter  from  the  first  lighting  of  the  fire  they  were  red-hot :  these 
shot  were  removed,  and  fifteen  fresh  32.pounder8  placed  on  the  bars  in  the  furnace : 
in  twenty  minutes  these  shot  were  red-hot ;  there  was  no  fuel  added.  These  last 
shot  remained  red-hot  for  four  hours.  It  is  therefore  to  be  assumed,  that  in  an  hour 
and  a  quarter,  with  this  furnace,  you  can  have  fifteen  32-pounder  shot  red-hot,  and 
a  succession  of  this  number  (fifteen)  every  twenty  minutes  afterwards,  and  by  mend> 
ing  and  adding  to  the  fire,  probably  every  quarter  of  an  hour  afterwards ;  and  that 
they  may  be  kept  red-hot  for  a  very  long  time,  and  remain  so  at  inconsiderable 
trouble  and  expense. 

"  The  fiiel  for  charging  the  fiimace  for  the  trial  described  may  be  estimated  at  two 
shillings.  It  was  found  an  improvement  to  add  6  inches  to  the  height  of  the  chim- 
ney, and  to  make  it  3  feet  in  the  last  trial.  The  bottom  of  the  furnace  (or  grate) 
was  altered  to  seventeen  ^-inch  wrought  iron  bars,  placed  diagonally." 


FUZE. — (See  *  Grbnadk  '  and  *  Pyrotechny.*) 


FUZE  FOR  MINES. — That  in  most  general  use  is  powder  hose,  which  is 
made  of  strips  of  strong  linen  or  calico,  sewn  together,  and  filled  with  powder ;  these 
when  full  vary  from  |  an  inch  to  an  inch  in  diameter.  The  hose  is  attached  to  the 
charge,  and  laid  in  casing  tubes  to  secure  it  from  damage  in  tamping:  these  tubes 
are  made  from  two  pieces  of  wood,  with  a  groove  about  1|  inch  wide  and  f  inch 
deep  cut  in  each,  one  being  placed  upon  the  other,  and  fastened  to  it  with  wooden 
pegs  as  soon  as  the  hose  has  been  inserted  between  them. 

To  the  end  of  the  hose  furthest  from  the  charge,  a  piece  of  portfire,  about  4  inches 
in  length,  is  attached,  and  moist  clay  is  kneaded  round  this,  leaving  the  end  aloue 
free,  thus  preventing  the  possibility  of  the  hose  igniting  until  the  portfire  be  burnt 
out,  which  affords  ample  time  for  the  Officer  who  fires  to  escape. 

A  very  good  substitute  for  powder  hose  is  Bickford's  fuze,  which  is  a  tube  of  pow- 
der sewn  round  with  tarred  twine,  and  the  outside  covered  over  with  pitch.  This 
requires  no  casing,  as  from  its  construction  it  is  not  liable  to  be  damaged  by  the 
tamping,  and  it  is  fired  without  any  portfire  being  attached  to  it.  It  burns  at  the  rate 
of  12  feet  in  five  minutes,  and  when  once  lit  cannot  be  extinguished  even  by  water. 
It  is  procured  from  the  maker  in  coils,  having  the  appearance  of  thin  rope. 

£.  C.  de  M. 


GABIONS.* — The  dimcuiioBi  of  th«  gtbioni  to  be  ibown  in  the  r^olitioDt 
of  tbe  depAt ;  the  iinilleat  ujiniuible  <ize  being  the  up  gibion,  SO  inchei  eiteiior 
diameter,  and  2  feet  9  inchee  high,  wdghiag  from  2b  to  30  Iba.,  u  tiught  at  Chfttbtm. 
Tbeie  will  be  alio  Batleij  GBbioos,  and  Stuffed  Gabioni  or  Ssp  Roller*. 

A  proportion  of  the  partj  will  lelect  the  itakei  from  the  materials  brooght  IdIo  the 
depAt ;  Ihey  muat  be  as  atraight  aa  can  be  obtained,  aod  lometbing  longer  than  tbe 
intended  final  dimeaiioa.  A  fen-  men  (carpentera,  if  the;  can  be  ipared)  will  be 
employed  as  a  squad  in  pointing  one  end  ;  after  which,  another  imall  party  will  m« 
off  the  other  end  to  the  euct  length.  The  neit  squad  will  itrike  circle*  of  the 
giien  diameter  on  the  ground,  and  fix  the  (takes  ready  for  wattling,  keeping  them  to 
the  required  height  by  •  ginge-ttiek ;  by  this  mean*  the  heads  and  points  of  tbe 
itakea  will  be  lerel,  and  the  whole  will  staod  firm.  The  remaining  men,  in  iquada  of 
three,  wattle  and  flniah  the  gabion :  great  expedition  ii  gained  by  this  division  of 
labour.  The  party  to  tupply  ten  squads  actually  watlUng  gabions,  will  be  about 
thus; 

Selecting  stuff 3  to  G 

Pointing  pickets 3 

Trimming  do.  to  lengths  ....  3 
Fixing  do.  in  circles  .....  3 
Wattling,  in  10  squads         ....      30 

From  42  to  ii  men,  or  half 
a>  many  tgain  as  those  employed  in  wattling. 

The  non-commiuioned  Officers  will  he  distributed  amongst  tbe  parlies,  especially 
with  those  who  are  sent  to  select  the  atuff. 

Fir-wood  gives  the  best  stakes,  being  light  and  straigbt ;  large  stakes  may  be  split, 
as  it  is  not  essential  that  they  shoultl  be  round :  dry  wood,  when  it  can  be  procured, 
is  heller  than  green  for  this  part  of  the  work.    Willow,  and  all  kinds  of  pliant  green 
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The  party  may  be  tuked  at  from  1  to  4  sap  gabions  per  man  per  day,  and  paid 
for  extra  wortc  besides.  They  will  require  hand-saws  and  bill-hooks.  The  Portu- 
guese soldiers  would  each  make  four  gabions  2  feet  in  diameter  by  2  feet  6  inches 
in  height  per  day ;  stuff  very  good,  and  delivered.  They  were  paid  4d.  for  each 
gabion. 

When  the  web  of  a  gabion  is  made  by  a  single  rod  being  worked  round,  it  is  called 
rwutmg :  this  requires  an  odd  number  of  stakes.  When  a  flat  band  of  three  or  four 
rods  b  worked  in  the  same  manner,  it  is  called  shrnng :  this  is  common  in  basket- 
work.  When  two  rods  are  used,  crossing  each  other,  it  is  called  pairing :  working 
with  more  rods  than  two,  is  denominated  walingf  and  will  now  be  detailed,  as  being 
the  best. 

Figs.  1,  2,  show  this  process  as  effected  by  three  only ;  but  four,  or  even  five,  may 
be  used  conYeniently.  All  that  is  to  be  observed  is  that  each  rod  is  successively 
twisted  over  and  outside  those  before  it,  passing  as  numy  pickets  or  stakes  (before 
being  brought  inside)  as  there  are  rods  to  be  waled.  As  soon  as  a  rod  has  passed 
behmd  one  stake,  it  should  be  brought  out  again,  or  the  work  will  be  more  polygonal 
than  circular,  especially  in  small  gabions. 


Fig.  1. 


During  and  since  the  late  war  in  the  Crimea,  iron  gabions  of  various  patterns  have 
been  employed.  The  most  important  of  these  are  Captain  Tyler's, « The  Sevastopol,' 
and  Sergeant-Major  John  Jones's ;  which  are  described,  as  follows,  in  the  Report  of 
the  Chatham  Establishment. 


•Pt  Tyler' 

OB. 
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ON    IRON   GABIONS.* 

This  pattern  is  composed  of  a  single  sheet  of  galvanized  iron  of  the  length  of  the 
propoted  gabion's  circumference  (6'  2"),  joined  at  the  edges  by  thin  pieces  of  wire 
passing  through  holes  made  for  the  purpose  (figs.  3,  4).  It  has  the  following  great 
advantages  over  the  ordinary  brushwood  gabions,  viz.  small  weight,  portability,  dura- 
Whty,  and  the  short  time  required  for  putting  it  together:  while  its  disadvantages 
are,— first,  the  great  noise  made  by  it  when  carried,  or  in  being  filled,  which  totally 
unfits  it  for  Flying  Sap,  or  any  other  secret  operation ;  the  difficulty  in  moving  it 
with  sap  forks  in  sapping ;  its  want  of  stiffness  when  put  together,  which  prevents  it 
keeping  its  shape  when  subjected  to  a  slight  pressure ;  and  its  want  of  hold  of  the 
ground,  which  makes  it  more  liable  than  the  ordinary  brushwood  gabion  to  be 
overturned  in  being  filled. 

It  is  considered  to  be  well  adapted  to  resist  the  explosion  of  heavy  guns  in  embra- 


•  Extncted  from  Report  by  Lieutenant  George  PhiUps,  RE.,  to  the  Director  at  Chatham. 


nire),  utd  clto  for  the  reretmeati  of  batteries  uid  fleldworki  likely  to  be  required  to 
itud  tut  ■  long  time ;  bnt  unfit  for  the  revetment  of  trenches  formed  by  any  kind 

Pig.  3. 


This  ii  formed  of  I^inch  hoop  iron,  luided  or  waled,  in  single  piecei  at  a  time  on 
the  wooden  pickets,  which  are  13  in  Domber  to  the  round  (fig.  A),  and  12  to  the 
aqoare  gabion  (fig.  6),  about  ZOO  feet  run  of  hoop  iron  being  consumed  in  each 
gabion. 

The  advantages  of  this  kind  of  Gabion  are,  that  it  is  very  strong,  particularly  in 
the  Tonnd  form  ;  it  ii  made  in  a  shorter  time  than  the  ordinary  nooden  one ;  it  can 
be  taken  to  pieces  and  packed;  and  the  materials  for  making  it  are  nearly  always 
found  with  an  anny  in  the  field. 

Its  great  weight  is  its  only  apparent  objection,  but  an  important  one.  It  is  also 
eipeniive  where,  as  in  Englaod,  (he  materials  have  to  be  bought  on  purpose ;  but 
that  objection  doe*  not  applj'  on  tervice. 


Fig.  S. 


Pig.  6. 
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The  tdTintages  of  this  gtbion  are  very  great,  for  it  is  extremely  light,  very  cheap, 
eaaily  and  quickly  made  and  unmade,  very  portable,  easily  i;epaired  by  substituting 
new  bands  or  pickets  for  damaged  ones,  and  very  rigid  when  finished. 

These  are  considered  to  combine  the  advantages  of  all  other  iron  gabions,  without 
their  diaadvantagea  ;  for  they  do  not  make  a  noise  when  carried,  nor  alter  their  shape 
when  being  filled  or  afterwards ;  and  appear  by  far  the  most  serriceable  gabions  yet 
introduced.  They  are  recommended  to  be  made  of  galvanized  iron,  and  with  pickets 
1-inch  thick,  instead  of  |-inch,  to  give  increased  rigidity  when  put  together. 


.      Pig.  8. 
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KLBVATION. 


COMPARISON    OF    GABIONS. 


Nature. 

Pattern. 

Dimension  of 
BMe. 

•a 
& 

Weight  in  lbs. 
(empty.) 

Weight  in  cwt. 

(filled.) 

• 

C 

1 

1 

Number  of  men 
required. 

Cost. 

►    . 

as 

, 

«.    d. 

Wood 

1 

Common 
(round) 

2'0" 
diamv 

2' 9" 

reo* 

i40t 

5i 
5* 

3hrs. 
3hr8. 

3 
3 

4  11 
6     2 

}' 

Iron 

; 
1 

Capt.  Tyler's 
(round) 

2'0" 
diam. 

3'0" 

26 

5| 

lOmin. 

2  . 

4  10 
galv. 
8  11 

5 

1         >» 

1 

Sevastopol 
(round) 

2'0" 
diam. 

2'0" 

2' 9" 

53 

5i 

iihrs. 

3 

9  o: 

5 

»» 

1 

1 

Do.  (square) 

X 

2'0'' 

2' 9" 

59 

5| 

Uhrs. 

3 

10  Ut 

4 

»» 

Sergt.-Major 

John  Jones's 

(round) 

2'  0"§ 
diam. 

2'  9" 

26 

6i 

5min. 

2 

3     0 

5 

There  are  other  patterns,  but  all  having  so  many  objectionable  points  as  to  render 
it  unnecessary  to  notice  them. 

STUFFED    GABIONS,   OR   SAP   ROLLERS. 

"  Finding  by  experiment  that  a  large  gabion,  4  feet  in  diameter,  if  stuffed  with 


•  Green  wood.  t  Dry  wood. 

X  These  would  not  be  so  expensive  on  service. 
^  20"  gauge. 
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imtll  bnuhnood,  wtu  not  muiket-proo^  but  it  filled  with  picket),  perttetiy  unma- 
lugeablc,  the  up  roller  nis  adopted  \>j  lu  at  Cbathun  in  preference."* 

The  Bsp  roller  is  ■  hollan  cylinder,  fonned  by  miking  ti*ocoiiceatriegibiiHU,each 
G  feet  long,  one  4  feet  in  diuneter,  but  the  otber  oot  eiceediag  2  feet  6  inebN,  *o 
i»  to  leiK  an  interrkl  of  B  inehei  all  round  betneen  these  two,  «bich  ii  UaB«d  with 
pickets  of  hard  «aod,  not  leas  thin  1  inch  thick  at  the  tip.  If  willow  be  lued,  the 
diameter  of  the  smaller  gabion  mnat  be  diminished  lome  inchei,  in  order  that  more 
pickets  mij  be  introduced. 

The  pickets  and  rods  of  which  these  gabions  are  made,  must  be  much  thicker  than 
those  of  the  sap  gtbioaa  before  described,  tbe  pickets  being  usuallr  of  deal,  abont 
I"  K  1^"  square,  as  the  object  is  ttrength,  not  lightness.  The  rodaiof  the  web  are 
paired  in  forming  the  body  of  each  gabion ;  20  pickets  are  used  for  the  larger,  and 
14  for  the  smaller  gabion  i  the  cytiadiical  form  being  retained  by  diiring  three  pairs 
of  strong  pickets  through  tbe  outer,  and  two  pairs  through  the  inner  gsbion,  the 
pickets  of  each  pair  being  at  right  angles  to  one  another,  and  cut  flush  with  the 
Mterior  of  the  web. 

The  large  one  requires  9  hours  in  making,  small,  6  hoora,  and  stuffing,  2  hours ;  and 
tbe  finished  roller  weighs  about  6|  cwt.  when  a  little  dry. 


GALVANISM.f— (5«  aim  •  Voltaic  Elbctri city.')— Towards  the  cloae  of 
the  eighteenth  centory,  Galrani  made  the  observation  that  violent  muscniar  contrac- 
tions could  be  prodaeed  in  the  leg  of  a  dead  frog  hy  touching  the  crural  nerve  with 
one  end  of  a  strip  of  zinc,  the  other  end  of  which  was  placed  in  contact  with  a  strip 
of  copper  touching  the  surface  of  the  thigh ;  the  contractions  were  not  perceived 
unless  the  two  metals  were  brought  in  contact :  since  no  reason  could  be  assigned 
for  this  effect  bjr  reference  to  known  forces,  the  exitteoce  of  a  new  form  of  force  was 
assumed ;  this  force  received  the  name  of  GalmiBim,  and  its  action  was  spoken  of  as 
Galeanie  action. 

Somewhat  later,  Volla  made  some  experimenla  with  tbe  view  of  extending  and 
elucidating  Galvani's  observation,  from  which  experiments  he  was  led  to  infer  that 
the  muscular  contraction  was  produced  by  a  particular  variety  of  electric  force,  to 
which  he  gave  the  name  of  Voltaic  electricilg.  His  fundamental  obserraUon  was, 
with  each  olher,  i 
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fluid  is  nneqiially  divided  between  them,  the  one  acquiring  a  larger  or  phu  +  share 
becoming  positively  electrified,  while  the  other  is  minut  — ,  or  negatively  electrified. 
It  is  from  this  assumption  that  the  symbols  +  and  —  for  the  two  electric  states  have 
been  conventionally  adopted.  The  second  assumption,  which  appears  at  least  to 
possess  the  advantage  of  permitting  the  use  of  a  more  intelligible  phraseology,  sup- 
poses the  compound  nature  of  the  electric  fluid,  and  its  decomposition  when  contact 
between  the  metals  takes  place,  a  portion  of  the  positive  fluid  accumulating  upon  the 
one,  while  the  other  acquires  an  equivalent  charge  of  the  negative  kind. 

The  disturbance  of  the  electric  equilibrium,  however,  becomes  much  more  mani- 
fest, t.  e.  the  amount  of  the  charge  which  each  metal  receives  becomes  much  greater, 
when  the  two  metals  are  immersed  in  a  liquid  which  is  either  incapable  of  acting 
chemically  upon  one  of  the  metals,  or  which  acts  upon  one  much  less  powerfully 
than  upon  the  other.  This  condition  is  fulfilled  when,  for  example,  plates  of  copper 
.and  zinc  are  immersed  in  diluted  sulphuric  add,  which  acts  only  upon  the  latter 
metal ;  its  associated  electricity  being  decomposed,  the  positive  charge  accumulating 
upon  those  portions  of  the  metal  which  are  in  immediate  contact  with  the  acid,  while 
the  remoter  parts  become  negatively  electrified,  a  disturbance  which  appears  to  be 
dne-to  the  chemical  action  of  the  acid  upon  the  metal.  Sulphuric  acid  may  be  re- 
presented by  the  formula  H  SO4  (H» hydrogen,  S  =  sulphur,  0^^4  atoms  oxygen) ; 
the  zinc  having,  under  the  conditions  of  the  experiment,  a  greater  chemical  attraction 
for  the  SO4  than  the  hydrogen  has,  will  combine  with  the  SO4,  forming  the  salt 
known  as  sulphate  of  zinc  (Zn  SO4),  which  is  dissolved  by  the  water,  while  the 
hydrogen  gas  attaches  itself  in  bubbles  to  the  surface  of  the  metal,  thus  preventing, 
in  great  measure,  any  further  contact  with  the  acid ;  in  consequence  of  which,  after 
the  first  few  moments,  the  chemical  action  is  very  feeble,  or  might  even,  in  extreme 
cues,  be  altogether  arrested  (Zn  +  H  S04sZn  SO4  +  H). 

If  a  plate  of  copper  be  immersed  in  the  acid,  opposite  to  the  zinc,  it  will  not  afiFbct 
the  result ;  but  if  the  two  metals  be  allowed  to  touch  at  any  point,  a  very  important 
change  will  pass  over  the  features  of  the  experiment,  for  it  will  now  seem  as  if  the 
acid  were  acting  upon  the  copper,  since  bubbles  of  gas  will  be  seen  to  form  upon 
and  escape  from  the  surface  of  that  metal,  while  little  or  no  gas  makes  its  appear- 
ance upon  the  zinc,  though  this  is  dissolved  much  more  rapidly  than  before.  A  very 
ingenious  account  of  this  result  has  been  given,  affording  an  explanation  which,  if  it 
does  not  quite  convince  the  mind,  has  at  least  the  merit  of  rendering  very  great  ser- 
vice in  all  speculations  concerning  voltaic  action.  It  is  said  that  the  particles  of  the 
acid  intervening  between  the  plates  become  polarized^  t .  e.  acquire  equal  and  opposite 
charges  of  electricity,  the  particles  of  II  becoming  + ,  and  those  of  SO4  — ;  the  plate 
of  copper  also  becomes  negative,  receiving  a  charge  of  negative  electricity  from  the 
zinc,  to  which  it  imparts  in  return  a  charge  of  positive  electricity.  Now  since  bodies 
which  are  in  dissimilar  electric  conditions  attract  each  other,  the  negative  plate  of 
copper  vrill  attract  the  positive  particle  of  H  immediately  contiguous  to  it,  while  the 
SO4,  being  left  with  a  charge  of  negative  electricity,  will  abstract  the  H  from  the 
adjoining  particle  of  H  SO4,  leaving  the  SO4  thus  separated  to  rob  another  particle 
of  add  of  its  H.  Such  a  series  of  changes  will  proceed  until  the  particle  of  H  SO4 
in  immediate  contiguity  to  the  zinc  plate  is  decomposed,  when  the  liberated  SO4  ( — ) 
will  combine  with  the  +  zinc  to  form  the  sulphate.  A  clearer  conception  will  be 
formed  of  the  manner  in  which  this  action  is  propagated  along  the  chain  of  particles 
of  acid  intervening  between  the  copper  and  zinc,  when  it  is  remembered  that  the 
decomposing  action  sets  off  at  once  from  each  end  of  the  chain  towards  the  centre, 
and  that  a  divellent  action  must  thus  be  simultaneously  exerted  upon  the  whole 
chain. 
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CcnditiOD  of  the  intervening  ptrtida  of  irid  before  the  eoatact  of  the  copper  ind 

'KEXD  0S)  0'i)  0©  0®    - 

aiaf  the  contact : — 

0®©®©©0©0®- 


Dniiog  the  contact : 
Gijpir 


Ve  may  then  regard  the  action  aa  dependent  npon  the  tenderer  of  tbe  opponte 
eleetridtiea  to  recombine  with  and  neutralize  each  other,  tbe  negative  electricitr  ti 
tbe  copper  p1kl«  being  alwayi  in  proceaa  of  neutralizatioa  by  the  poaitiTe  electridt; 
which  it  receiTei  from  the  particles  of  hydrogen,  while  the  poiitiye  cbar^  of  the 
tine  ia  being  neutralized  by  the  negative  partidea  of  SO,.  The  effect  then  ia  the 
aame  ai  if  an  actual  mrrent  of  poaitive  fleclridtj  were  continuaUy  pauing  from-  tbe 
zinc  through  the  liquid  to  the  copper,  and  coaveraeljr,  ai  if  a  current  of  negative 
eleetr^dty  were  paaaing  from  the  copper  thiough  the  liquid  to  the  zinc ;  and  it  ii  thia 
kind  of  IrmuniittitM  by  polarizalion  which  ii  always  implied  when  it  is  wid  that  a 
current  of  voltaic  electricity  travenet  a  liquid  :  this  is  often  apolien  of  as  eomtelitm 
of  voltaic  electricity.  And  the  current  a  now  said  to  circulate,  since  there  ii,  ai 
above  mentioned,  a  continual  exchange  of  elcctricitieg  between  the  copper  and  zinc 
at  tbe  pointi  of  contact ;  ao  that  a  fair  idea  of  tbe  result  ia  imparted  by  saying  that 
a  poaitive  coirent  ia  paaaing  from  the  zinc  through  the  liquid  to  the  copper,  and  bacli 
from  the  copper  through  the  pointa  of  contact  between  the  metals  to  the  zinc,  while 
a  Dative  current  ptaae*  in  the  opposite  direction,  viz.  from  the  copper  through  tbe 
liquid  to  the  ^c,  and  back  tbrough  the  pointa  of  contact  to  the  copper.  Such  Un. 
gnage,  though  it  very  mnch  aasiata  the  memory  by  bringing  theae  phenomena  into 
comparison  with  ordinary  mechanical  effecta,  must  be  employed  with  great  caution, 
■eat  it  should  lead  to  the  adoption  of  erroneous  idea*  reapecting  the  true  nature  of 
the  change,  which  ia  obviously  tui  generu,  and  quite  distinct  from  any  principle*  of 


GALVANISM.  77 

it  not  attacked,  and  retaining  throngh  the  metallic  points  of  contact  to  the  active 
metal. 

It  is  not  necessary  that  the  metals  immersed  in  the  exciting  liquid  be  placed  in 
immediate  contact  witlneach  other,  for  a  current  is  found  to  circulate  if  they  are 
connected  by  means  of  any  conductor,  such  as  a  metallic  wire,  and  it  then  becomes 
much  easier  to  recognize  the  existence  of  electric  disturbance,  for  the  wire  will  be 
found  to  rise  in  temperature  when  the  plates  are  immersed  in  the  add ;  it  will  also 
have  acquired  magnetic  properties,  and  will  cause  a  magnetic  needle,  freely  suspended 
above  it,  to  assume  a  position  at  right  angles  to  the  conducting  wire.  If  the  con- 
ducting wire  be  divided,  a  bright  minute  spark  will  be  seen  when  the  two  ends  are 
brought  together ;  and  if  a  binary  chemical  compound  be  interposed  between  the 
ends  of  the  two  wires,  it  will,  in  many  cases,  be  decomposed  into  its  constituents, 
each  constituent  being  invariably  separated  at  the  end  of  the  same  wire.  The  ends 
of  the  wires,  in  such  a  case,  are  commonly  spoken  of  as  the  poUt  of  the  battery,  the 
potUhe  pole  being  the  end  of  the  wire  attached  to  the  copper  plate,  or  to  a  plate  of 
another  metal  playing  the  part  of  a  copper  plate,  while  the  negative  pole  is  attached 
to  the  xinc  plate^  or  to  its  representative.  The  term  electrode  is  sometimes  sub- 
stituted for  pole.  l!\it  positive  pole  is  termed  by  Daniell  the  zincode,  and  by  Faraday 
the  anode;  while  the  same  writers  respectively  have  termed  the  negative  pole, 
platmode  and  cathode. 

The  degree  in  which  either  of  the  above  manifestations  (t.  e,  of  heat,  magnetism, 
or  chemical  decomposition)  is  exhibited  by  the  wire,  may  serve,  with  certain  limita- 
tions, as  a  measure  of  the  amount  of  electric  disturbance  which  has  taken  place ;  but 
the  amount  of  chemical  decomposition  which  the  current  is  capable  of  effecting  in  a 
given  time,  is  the  only  sure  measure  of  the  actual  amount  of  voltaic  force  in  circula- 
tion. The  Voltameter  of  Faraday  is  constructed  upon  this  principle,  and  consists  of 
an  apparatus  in  which  water  acidulated  with  sulphuric  add  may  be  decomposed  by 
the  current,  in  such  a  manner  that  the  gases  (Oxygen  and  Hydrogen)  into  which  the 
water  is  resolved  may  be  collected  and  measured :  the  amount  of  these  gases  affords 
a  measure  of  the  force  of  the  current.     (See  Electricity ^  Plate  XII.  fig.  3.) 

The  development  of  heat  is  taken  advantage  of  to  measure  the  electric  disturbance 
in  the  Inteneity  Galvanometer,  recently  described  by  Capt.  Ward,  R.E.,  which  will 
be  again  referred  to. 

In  the  ordinary  Galvanometer,  the  power  of  the  current  to  deflect  a  magnetic 
needle  is  turned  to  account,  the  needle  being  freely  suspended  by  a  fibre  of  silk 
within  a  flattened  coil  of  wire,  through  which  the  current  is  made  to  circulate,  the 
amount  of  deflection  of  the  needle  being  measured  by  a  graduated  arc.  The  sensi- 
tiveness of  the  instrument  is  much  increased  by  rendering  the  needle  astatic,  t.  e. 
independent  of  the  directive  powers  of  the  earth's  magnetism,  which  may  be  effected 
by  suspending  another  needle  paralld  to  it  and  at  some  distance  above  it,  with  its 
poles  reversed.  The  use  of  the  coil  of  wire  is  to  render  a  feeble  current  capable  of 
acting  upon  the  needle,  by  accumulating  its  action ;  since  it  is  found  that,  as  would  be 
expected,  the  needle  is  deflected  in  the  same  direction  by  a  current  passing  under  it 
from  right  to  left,  or  over  it  in  the  opposite  direction. 

The  galvanometer  indicates  not  only  the  amount  of  a  current,  but  also  the  direc- 
tion in  which  it  is  passing,  for  the  direction  in  which  the  deflection  of  the  needle 
takes  place  depends  upon  that  of  the  current.  When  the  wire  is  placed  in  the  mag- 
netic  meridian,  with  the  end  connected  with  the  zinc  plate  towards  the  north,  and 
the  needle  is  placed  below  the  wire,  the  N.  pole  will  deviate  westward ;  if  the  needle 
be  placed  above  the  wire,  the  deviation  is  eastward  ;  and  by  reversing  the  direction 
of  the  current,  these  effects  would  also  be  reversed.    It  appears  then  that  when  the 


iin«iit  it  flawing  ilong  the  nire  loiiBrdi  tb«  north,  the  wire  being  above 
B,  the  N.  pole  will  deviate  westward. 


^/ 


The  annexed  flgnre  reproenta  a  section  of 
the  astatic  galTanometer enclosed ina  glaiu  case. 
M  and  m.  the  aiCatic  aeediea,  suspended  bf 
the  fibre  of  litlc.  i,  a,  ■  screw  for  lowering  the 
Deedles  when  not  in  uie,>o  aa  to  talce  the  strain 
off  the  silk  fibre ;  ec,  a  sheet  of  copper,  with  a 
gradnated  arc  (or  measuring  the  deviation  of 
the  needles ;  ib,  biading  screws  to  receive  the 
wirei  canTing  the  corrent ;  I,  a  lever  for  placing 
the  coil,  w,  parallel  with  the  needles ;  mm,  le- 
velling screwB. 

There  are  manj  circamstances  influencing  the 
power  of  a  galvanic  anangeniEnt,  wliich  have  to 
be  taken  into  acconnl  in  any  practical  applica- 
tion of  this  remarkable  VBriety  of  force.  These 
mar  ^  illustrated  bj  reference  to  the  simpli 
sulphuric  acid,  in  order  that  the;  may  be 


iple  of  line  andc 
ibsequentljr  applied  in  m 


{Ohm'i  Lew.)  The  maUaiU  force  to  be  derived  from  any  voltaic  ai 
variei  dimtlif  u  the  elre/ro-mo/iop  force,  and  inverKly  as  the  »nm  of  all  the  rttti. 
toneet  opposed  to  the  passage  of  the  current.  Thus,  if  F  represent  the  available 
povrer,  E  the  electromotive  force,  and  R  the  sum  of  the  resistances,  ¥  -^  —. 

It  has  been  already  stated  that  the  value  of  E  depends  solely  upon  the  nature  of 
the  metals  and  of  the  exdting  liquid,  and  it  would  therefore  be  expected  to  be  at 
constant  u  the  chemical  relations  of  these  substances.  In  practice  however  it  is 
found  to  vary  with  the  purity  of  the  zinc,  and,  although  the  supply  of  acid  be  kept 
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copper  in  the  combination,  and  producing  sulphuric  acid  (H  SO4),  while  the  metal 
is  deposited  upon  the  surface  of  the  copper  plate ;  but  if  the  zinc  were  allowed  to 
come  into  actual  contact  with  the  solution  of  sulphate  of  copper,  since  the  affinity  of 
the  zinc  for  SO4  is  greater  than  that  of  the  copper,  this  metal  would  be  displaced  by 
the  zinc,  and  a  coating  of  metallic  copper  would  be  deposited  upon  the  surface  of  the 
zinc  plate,  and  all  voltaic  action  would  be  suspended.  To  avoid  this,  the  zinc  is  im- 
mersed in  diluted  sulphuric  acid  alone,  which  is  separated  from  the  solution  of  sul- 
phate of  copper  by  a  porous  membrane  or  a  partition  of  unglazed  earthenware,  which 
becomes  thoroughly  wetted  with  the  acid,  and  allows  the  polarization  of  the  particles 
to  take  place  through  it,  without  permitting  any  actual  mixture  of  the  two  solutions. 
The  following  diagram  represents  the  mode  in  which  the  action  is  propagated  in 
such  an  arrangement,  the  dividing  space  representing  the  porous  partition : — 
Before  closing  the  circuit : — 


So)  Zn 


After  closing  the  circuit : — 

c„@  ©©©©©0 
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In  Smee's  arrangement,  a  silver  plate  coated  with  platinum  is  substituted  for  the 
copper  plate ;  the  hydrogen  is  found  to  detach  itself  far  more  readUy  from  such  a 
surface  than  from  the  smoother  surface  of  the  copper  plate. 

In  Grove's  voltaic  combination,  platinum  is  employed  instead  of  copper,  and  is 
immersed  in  concentrated  nitric  acid  placed  in  a  flat  porous  cell,  in  order  to  keep 
it  separate  from  the  diluted  sulphuric  acid  which  is  in  contact  with  the  zinc ;  in 
this  case,  the  hydrogen  is  absorbed  by  the  nitric  acid  (NO4  0)  and  converted  into 
water  by  a  portion  of  its  oxygen,  while  the  peroxide  of  nitrogen  (NO4)  thus  liberated 
remains  undissolved  in  the  undecomposed  nitric  acid. 

Before  closing  the  circuit : — 

"(SXD©©    ®©0®®©- 

After  closing  the  circuit : — 

«©0©©0  ©0®©  ®^" 


—         +  — 


—  + 


The  parts  of  a  Grove's  cell  are  shown  in  the  figure.  P,  the 
platinum  plate,  placed  in  the  porous  cell  N,  containing  nitric  acid. 
Z,  the  zinc  plate,  bent  to  lap  round  the  porous  cell ;  this  should 
be  freshly  amalgamated  from  time  to  time.  5,  the  vessel  contain- 
ing the  dilute  sulphuric  acid. 

Bunsen  has  contrived  an  arrangement  upon  the  same  principle, 
in  which  however  a  dense  variety  of  coke  is  employed  instead  of 
platinum. 

The  resistance  offered  to  the  passage  of  a  current,  in  any 
arrangement,  may  be  divided  into  that  which  is  opposed  by  the 
liquid  in  the  cell  itself,  and  that  due  to  the  wire  or  other  con- 
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ductw  through  which  the  cmrenl  bu  Co  pua.  The  tiiMMiit  of  the  redttuoe  (L) 
oppoMd  br  the  liqiiiil,  nriei  directlf  as  iti  tpedfie  retiiUaM  (S),  kod  u  the  tbick- 
neu  (T)  of  the  Ujer  of  liquid  intervening  between  the  two  pUtei ;  while  it  nriei 
inverielf  as  the  ledioDal  irea  of  thia  Uyer,  i.  e.  as  the  mean  saperficlal  ana  (A) 
of  each  plate. 

ST 

The  ipecific  rematance  of  any  liquid  depend),  of  coarse,  upon  its  conducting  power, 
which  varies  gmtlj  for  different  liquids.  A  saturated  solution  of  sulphate  of  cop- 
per condnel*  400  time*  u  well  u  water,  and  moderately  itrong  nitric  add  condueta 
18  times  as  well  u  the  lolntion  of  mlphate  of  copper :  these  facts  are  turned  to  ad- 
vantage in  the  voltaic  arrangements  of  Grove  and  Diniell.  How  moch  more  worthy 
of  coutidention  is  the  resistance  of  the  liquid  than  that  of  the  wire,  may  be  learnt 
from  the  fact,  that  the  conducting  power  of  nitric  add  ia  to  that  of  platinulo  in  the 
ratio  of  about  1  to  BO.OOO,  and  to  that  of  silver  as  1  to  1,000,000.  The  specific  reaiat- 
tnce  of  liquids  dimiaisbes  as  tbe  temperature  rises,  and  the  action  of  the  voltaic 
arrangement  ia  therefore  favoured  by  warming  the  eicitiag  liquid. 

The  equation  given  above  indicates  tbe  advantage  of  diminiahing  the  tbiclineia  of 
the  layer*  of  liquid  intervening  between  the  plates  by  bringing  them  u  neartogether 
aa  possible,  and  of  increaung  the  sectional  area  of  the  intervening  Uquid  by  enlarging 
the  surfaces  of  the  plate*. 

The  reaiatance  (w)  of  the  conducting  wire  depends,  Uke  that  of  tbe  liquid,  upon 
ita  specific  reiialance  (t),  its  length  (I),  and  its  sectional  area  (a) ;  varying  directly  as 

the  two  fint,  and  inversely  aa  the  last,  ao  that  w  i^  — 

Different  metal*  have  different  conducting  powers,  and  tberetbre  offer  diflbrcnt 
resistance*  to  tbe  passage  of  tbe  current :  the  condocting  powen  of  the  metals  in 
ordinary  use  have  been  stated  by  Becquerel,  junior,  to  atand  a*  in  the  following 

Uble;— 


At3J=F. 

Al  tlt°  P 

100 

71316 

91-S17 

64-919 

G4-960 

48-489 

Z4063 

17-596 
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The  aeiuai  amount  or  punUUy  qf  farce  which  circulates  in  a  battery  of  tUi  de- 
■cription  is  no  greater  than  that  which  would  be  obtained  from  a  single  pair  of  plates, 
for  alihoogh  six  times  the  power  is  generated  by  the  consumption  of  six  times  the 
quantity  of  sine  in  a  given  time,  the  additional  amount  of  force  is  expended  in  over- 
coming the  additional  resistance  of  the  five  layers  of  liquid  contained  in  the  five 
eells. 

This  important  fact  can  readily  be  exhibited  in  a  general  form  by  reference  to  the 

E 
equation  Fa—,  and  so  modifying  it  as  to  substitute  for  R  (sum  of  the  resistances) 

the  resistance  of  the  liquid  in  each  cell  (»  L),  supposing  the  terminal  plates  of 

the  battery  to  be  connected  by  a  short  thick  wire,  so  that  the  value  of  id  (the  resist- 

E 
ance  external  to  the  battery)  would  be  insignificant ;  then  7-  ™  ^  would  represent 

the  amount  of  force  in  circulation  in  one  cell,    and  if  n  such  cells  be  taken, 

—7-  a  F  would  still  exhibit  the  result. 

But  although  the  quantify  of  the  force  cannot  be  increased  in  this  way,  its  mien- 
tUyt  or  power  of  overcoming  resistances  external  to  the  battery,  is  very  considerably 
tnhanced,  as  will  be  rendered  evident  by  substituting  L  +  10  for  R  in  the  equation 

P  —  -.    For,  if  F  —  = ,  it  will  also  =  — ; ;  that  is,  the  resistance  w,  exter- 

aal  to  the  battery,  may,  if  n  cells  be  employed,  be  multiplied  by  n  without  affecting 
the  force  of  the  current. 

The  conclusion,  of  high  practical  importance,  drawn  from  this  is,  that  wherever 
great  resistances  external  to  the  battery  have  to  be  overcome, — ^when,  for  example, 
the  current  is  to  be  sent  through  a  great  length  of  wire,  as  in  telegraphy  and  military 
engineering, — intensity  is  of  more  impcnrtance  than  quantity,  and  more  is  gained,  after 
certain  limits  have  been  passed,  by  adding  to  the  number  of  cells  than  by  increasing^ 
the  size  of  thv  plates.* 

Under  the  guidance  of  the  very  simple  principles  which  have  been  laid  down, 

there  is  no  difSculty  in  increasing  the  power  of  the  battery  to  any  extent  which  may 

E 
be  found  necessary  in  practice.   On  inspecting  the  equation  F  —  y~t — *  ^^  ^  evident 

that  F  may  be  increased  by  diminishing  L  or  10,  or  both.  L  (the  resistance  of  the 
liquid)  may  be  diminished  by  increasing  the  superficial  area  of  the  plates,  or  by 

1 
diminbhing  the  distance  between  them :  suppose  L  to  have  been  reduced  to  -th,  the 

force  in  circulation  will  be  represented  by  = = =  F', 

Li  Jj  +  UW 

-  +  w 
n 

w  may  be  virtually  diminished  by  increasing  the  number  of  cells,  for  supposing 
these  to  be  multiplied  by  n,  the  circulating  force  vnll  be  expressed  by— 

»E      __      E      ^  p^^ 
riL  +  w      L  +  w 

n 
Which  of  the  two  methods  will  be  attended  with  the  greatest  advantage,  that  is, 
whether  T  or  F"  will  be  the  greater,  will  depend  upon  the  question  whether  L  or  ip 
ii  the  greater.    If  then  the  resistance  of  the  liquid  be  greater  than  that  of  the  wire. 


*  The  Author  has  to  acknowledge  the  great  auiatance  which  he  has  here  derired  from  C^»tain 
Wanl'c  Paper,  upon  the  Application  of  the  Voltaic  Battery  to  Military  Purpoaea. 

VOL.  n.  P 
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It  ii  mora  adnntageoni  to  inereate  the  liie  of  tbe  pUt«i ;  bnt  if  tlia  reiiituiee  of  the 
wire  be  ths  greiter,  the  namber  of  ceili  molt  be  iDCreued.  Theoreticallj,  the  moat 
ecoDomicil  balleiy  would  be  that  in  which  L  tnd  w  wert  prtciiely  equal ;  but  in 
pnctiee  it  is  found  th»t  better  reualti  are  ohtuoed,  on  the  whole,  when  v  lomewhat 
exceeds  L. 

In  any  pnctied  application  of  the  TOllaic  battery,  it  becomei  a  matter  of  import. 
aiic«  to  be  able  to  determioe  tbe  vatnei  of  the  ditTerent  &ctora  in  the  equation 

F  —  |- ;  and  thia  may  be  effected  with  the  aiiirtance  of  a  galvanometer,  and 

of  Wheatstone'i  ritoilal  and  retUtanet  eoilt.  Thii  U  an  initrument  by  which 
mea«tired  amoanti  of  reiiitance  may  be  introduced  into  tbe  voltaic  circoit ;  if  the 
effect  of  auch  reaistance  npon  the  amount  of  the  current  in  circnUtion  be  meuured, 
the  comparative  valuea  of  E,  L,  and  w,  in  different  amngementa,  may  be  deduced 
^mit. 

The  rheostat  contiatt  of  two  equal  cylinderi  6  inches  in  length  and  1}  in  diameter, 
placed  side  by  side  and  parallel  to  each  other.  One  of  these  cylinders  is  made  of 
well  baked  wood,  and  the  other  of  hrasi ;  the  former  it  traversed  by  a  spiral  groove, 
the  thread  of  which  contuns  40  turns  to  the  inch,  so  that  the  coils  of  a  wire  wound 
upon  this  cylinder  would  be  perfectly  insulated  from  each  other,  since  dry  wood  doe* 
not  allow  the  current  to  pass  along  it.  A  wire  wound  upon  the  second  (brass) 
cylinder,  howcier,  would  not  be  insulated,  ind  the  corrent  would  pass  at  once  along 
the  cylinder  without  traversing  the  wire.  Each  of  these  cylinders  is  capable  of  being 
turned  upon  its  axin  for  tbe  purpose  of  reeling  the  vrire  off  one  cylinder  on  to  the 
other,  and  the  length  of  wire  upon  the  wooden  cylinder  may  he  read  off  by  a  gra- 
duated scale.  The  instrument  may  be  introduced  into  any  circuit  by  means  of 
binding  screws,  which  are  in  metallic  connection  with  two  bnia  springs,  one  of 
which  presses  against  the  end  of  tbe  brass  cylinder,  and  the  other  agiinst  a  ring 
of  brass  fixed  upon  the  end  of  the  wooden  cylinder,  and  serving  to  transmit  the 
current  to  the  wu%  coiled  npon  it. 

Tbe  arrangement  of  the  rtieostat  and  reustaace  eoils  is  shown  in  Miller's  'Elements 
of  Chemistry,'  p.  356.  In  the  woodcut,  fig.  187  of  that  work,  g  and  A  represent 
the  cylinders  of  wood  and  brats  respectively  upon  which  the  wire  is  coiled,  g  being 
provided  with  a  dial  on  which  the  fractions  of  a  turn  may  be  rend  off;  B  is  a  deli- 
cate galvanometer,  with  a  microscope  for  reading  off  the  graduations ;  C,  the  voltaic 
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are :  !,>  the  productioii  of  light ;  2,  the  explosion  of  gunpowder ;  3,  the  electrie 
telegraph ;  and  4,  the  deposition  of  metals,  or  electrotype. 

ELECTRIC   LIGHT. 

The  heat  developed  by  the  passage  of  a  current  through  any  conductor,  is  de- 
pendent upon  the  resistance  which  such  conductor  opposes  to  its  passage ;  etBtertM 
paribut  then,  the  worse  the  conductor,  the  higher  the  temperature  to  which  the 
current  gives  rise.  If  the  wires  of  a  powerful  battery  be  terminated  by  small 
pencils  of  the  dense  cake  from  the  gas-retorts,  which  wUl  offer  considerable 
resistance  to  the  passage  of  the  current,  it  will  be  found  that  when  the  points  of 
these  pencils  are  brought  together,  a  brilliant  star  of  light  is  produced ;  and  if  the 
points  be  then  separated  again,  an  arc  of  brilliant  white  light  will  continue  to  pass 
between  them,  the  length  of  which  varies  with  the  power  of  the  battery.  The  air, 
like  other  gases,  has,  under  ordinary  circumstances,  scarcely  any  power  of  conducting 
voltaic  electricity ;  but  when  very  highly  heated,  as  in  this  experiment,  it  allows  it 
to  pass  more  freely,  though  it  exhibits  even  then  sufficient  resistance  to  cause  the 
development  of  a  most  intense  heat.  But  the  heat  alone  would  not  account  for  the 
brilliant  white  light ;  this  is  explained  by  the  transfer  of  solid  particles  from  the 
positive  to  the  negative  pole,  whieh  is  always  found  to  occur  when  a  spark  passes 
between  two  conductors.  The  minute  particles  of  carbon,  being  raised  to  so  high  a 
temperature,  emit  the  brilliant  light.  The  combustion  of  the  carbon  must  not  be 
supposed  to  affect  this  result;  for  not  only  is  this  variety  of  carbon  one  of  the 
least  combustible,  but  the  light  can  be  manifested  in  a  globe  exhausted  of  air.  This 
transfer  of  the  particles  between  the  two  points,  is  one  of  the  most  serious  ob- 
stacles to  the  practical  application  of  the  light,  since  it  causes  the  distance  between 
them  to  vary  perpetually,  and  produces  a  corresponding  irregularity  in  the  strength 
of  the  current.  This  has  been  overcome  by  Duboscq,  who  has  arranged  a  small 
electro-magnet  and  a  train  of  clockwork  in  such  a  manner  that  the  force  of  the  cur- 
rent itself  adjusts  the  distance  between  the  points ;  the  light  so  obtained  is  now  in 
very  general  use  for  optical  experiments,  and  is  spoken  of  as  likely  to  be  employed 
for  signalling.  Much  doubt  exists  whetber  the  ligbt  will  ever  be  available  for  ordi- 
nary illumination,  on  account  of  the  expense  attendant  upon  its  production  ;  but  it  is 
much  to  be  desired  that  some  attempt  should  Jl)e  made  to  employ  it  in  fiery  coal- 
mines, where  it  might  be  enclosed  in  a  strong  glass  globe,  and  its  light  reflected 
along  the  galleries. 

EXPLOSION    OF   POWDER   BY   VOLTAIC    ELECTRICITY.* 

This  application  depends  upon  the  same  principle  as  the  preceding,  viz.  the  de- 
velopment of  heat  in  the  passage  of  the  current  through  an  imperfect  conductor, 
usually  a  very  thin  platinum  wire. 

The  subject  has  recently  been  very  carefully  investigated  by  Captain  E.  W.  Ward, 
HE.,  whose  treatise  upon  the  Application  of  the  Voltaic  Battery  to  Military  Pur- 
posesf  should  be  carefully  studied  by  all  interested  in  the  use  of  the  battery  in 
engineering  operations. 

For  the  purpose  of  directly  testing  the  applicability  of  any  particular  form  of 
battery  to  the  explosion  of  powder,  Captain  Ward  devised  an  Inientiiy  Oalvanometer 
(Plate  IL),  which  was  so  constructed  that  any  length  of  platinum  wire  of  any  thick- 

*  See  also  an  Article  upon  this  subject  under  Elbctbicity. 
t  '  Profesuoiul  Pfepers,  R.E./  New  Series,  vol.  ir. 

r  2 
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Beu  (or  weigtit  per  jni)  eoold  be  introdBced  into  the  droiit,  md  the  itandard 
force  which  mi  required  to  be  put  in  drculilion  wu  ttken  u  thit  nfeentrj  t« 
JQlt  melt  the  vire. 

B^  means  of  this  uutniineDl.  combined  irith  Wheatitoae'a  rheoitBt.  not  odIj  eiti 
the  reUtiie  merita  of  the  different  batteriea  be  put  to  the  proof,  but  the  length  and 
thickoew  which  it  ii  deairable  to  gire  to  the  copper  ud  pUtinum  wirei  nuf  alio  be 
ucertuned.  Moreover,  bj  imngiag  meral  wirei  in  the  ume  appkntni,  eiperi- 
uentt  ma;  be  made  upon  (he  bat  method  of  firing  a  Dumbar  of  charge*  timnl- 


Captain  Ward  employed  hii  galvanometer  to  detennine  the  relative  Taloet  of 
Kteral  batteriei,  with  the  following  itaulta : — 

GroTe'a      (line,  platinum,  aulphtuic  and  nitric  aciil)}    .    .   410 
M'Callan'a  (zinc,  iron,  aulpharic  and  nitric  adda)  ....  410 

Oalgluah    (zinc,  platinnn,  nitric  add) 344 

Danieli       (zinc,  copper,  snlphuric  acid,  tulphate  of  copper)   235 

Smee  (zinc,  platinized  ailrer,  aulphuric  add)  .    .    .    .   116 

Although  M'Callan'a  battery  gave  auch  good  reinlta,  in  point  of  power,  tbeie  wen 

teveral  practical  difficnmei  in  ita  employment,  which  gained  the  preference  for  that 

of  Qroie. 

In  Dalgleiah'a  very  Ingeniont  battery,  the  fbice  ii  generated  by  the  action  irf  nitric 
■dd,  placed  in  cylindrical  veaaela  of  platianm,  upon  rodi  of  zinc  attached  to  a  frame, 
ud,  b;  a  limple  contrivance,  limoltaoeontly  lowered  into  the  add  when  the  emrcnt 
ia  required.  Captain  Ward  ia  inclined,  for  abort  circuita.  and  in  caaea  where  roi^h 
handling  ia  not  apprehended,  to  prefer  this  form  of  battery  even  to  Grave'a,  bat  eon- 
nden  (he  latter  decidedly  better  for  Geld-iervice. 

Under  the  guidance  of  the  prindplei  which  have  been  above  laid  down  for  deter- 
uining  the  value  of  any  voltaic  airangement,  a  modification  of  Grove'a  battery  waa 
Mnatmeted,  famiahing  the  maximum  of  power  in  the  amallett  compui.  The  zinc 
ylatea  of  thia  battery  (Plate  I.)  meaaured  2"  x  1",  and  the  platinum  platea  2"  x  2", 
the  former  facing  the  latter  on  each  aide ;  theae  plate*  were  joined  by  welding  them 
together  at  their  upper  endi,  the  zinc  being  bent  over  for  that  purpoae  ;  one  plate  (A 
each  pair  wai  placed  in  a  aeparate  cell,  the  platinum  immened  in  nitric  add  being 
•eparated  from  the  tine  of  another  couple  immeraed  in  dilute  aulpburk  acid  by  the 


GALTANI8M«  85 

mting  conridenble  fiuftee,  tnd  Iniried  in  the  moist  etrtb  or  in  the  wirter.  When 
two  conducting  wires  are  em]dojed,  they  should  be  hdd  as  hr  apart  as  possible. 

For  the  bursting-charge.  Captain  "Ward  recommends  a  platinum  wire  f  inch  in 
length,  and  weighing  1*65  grains  per  yard. 

The  following  simple  rule  is  given  for  firing  a  mine  at  any  distance  with  the  above 
battery  in  good  work : — 

Take  the  whole  circuit  in  yards,  including  distance  up  and  down  shafts,  add  to  it 
100  yards  for  every  charge  in  the  circuit,  and  divide  by  46  for  the  number  of  cells. 
As  a  practical  role  however,  allowing  that  the  battery  may  not  be  in  the  best  con- 
dition, 28i  should  be  the  divisor  employed  to  ascertain  the  number  of  cells  which 
must  be  introduced  into  the  battery  in  order  to  effect  the  explosion. 

THE   KLECTRIC   TELEGRAPH.* 

The  great  principle  involved  in  the  application  of  voltaic  electricity  to  telegraphic 
purposes  has  been  brought  prominently  forward  in  the  description  of  the  ordinary 
galvanometer.  Space  will  not  allow  us  to  do  more  in  this  paper  than  to  illustrate 
the  simplest  mechanical  arrangements  by  which  this  principle  may  be  applied  for 
making  dgnals  at  a  distance. 

The  battery  usually  employed  for  working  the  telegraph  consists  of  alternate  pairs 
of  copper  and  amalgamated  zinc  plates,  arranged  in  wooden  troughs  divided  into 
compartments,  containing  sand  moistened  with  diluted  sulphuric  acid. 

The  conducting  wire  is  generally  made  of  iron,  about  |  inch  in  diameter,  and 
covered  with  zinc,  to  prevent  it  from  rusting ;  this  vnre  is  insulated  by  supporting  it 
in  tubes  of  porcelain,  which  are  attached  to  posts  fixed  at  regular  distances  along  the 
line.  A  return  wire  is  not  generally  required,  the  circuit  being  completed  by  broad 
metallic  plates  buried  in  the  earth.  When  the  wire  cannot  be  supported  upon  posts, 
a  copper  wire  is  usually  employed,  since  its  superior  conducting  power  allows  its 
diameter  to  be  greatly  diminished.  In  order  to  insulate  the  copper  wires,  they  are 
coated  vrith  gQtta>percha ;  and  are  then  protected  from  injury  by  packing  them  in 
iron  pipes,  which  are  buried  in  the  earth.  For  the  submarine  telegraph,  several 
copper  wires,  coated  with  gutta-percha,  are  twisted  round  a  rope,  which  is  then 
covered  with  a  flexible  metallic  coating  by  twisting  several  thick  iron  wires  round  it, 
giving  it  the  appearance  of  a  wire  cable. 

The  instrument  by  which  the  signals  are  exhibited  is  constructed  in  the  same 
manner  as  an  ordinary  astatic  galvanometer,  placed  vertically  instead  of  horizontally, 
and  furnished  with  a  dial  plate  on  which  the  oscillations  of  the  front  needle  (that 
which  is  not  surrounded  by  the  coil)  may  be  noted.  When  the  instrument  is  ready 
to  receive  a  signal  from  a  distant  station,  the  galvanometer  is  in  connection  with  the 
battery  at  the  distant  point,  so  that  the  current  from  that  battery  passes  through  the 
conducting  wire,  through  the  coil,  deflects  the  needle,  and  returns  by  the  earth  to 
its  starting-point.  When  it  is  desired  to  transmit  a  message  to  the  distant  station, 
a  handle  is  turned,  which  acts  upon  a  simple  arrangement  of  metallic  springs  in  such 
a  manner  as  to  break  the  connection  with  the  distant  battery,  and  to  connect  the 
instrument  with  the  battery  belonging  to  it ;  the  current  then  passes  through  the 
coil  of  the  galvanometer,  deflects  the  needle,  is  transmitted  along  the  wire  through 
the  coil  of  the  distant  galvanometer,  where  it  produces  a  similar  deviation  in  the 
needle,  and  returns  through  the  earth.    By  turning  the  handle  in  the  opposite  direc- 


*  Abridged  from  Miller's  '  Elements  of  Chemistry,'  Part  I.    For  details  respecting  the  construe- 
tion  of  telegraphs,  see  VoLtAic  Elbctbicitt. 
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tian,  the  direction  of  the  cairent  through  the  coil  ii  rerened,  ud  tberefore  the 
tieedle  ii  deflected  in  the  oppoaile  direction.  Htving  thai  at  our  disposal  ■  method 
of  regulating  the  Tibrationi  of  the  needle,  it  onlj  require!  a  little  ingenuity  to  frame 
a  code  of  ligDlili  from  them.  The  lower  enda  of  the  needlea  are  lomewhat  hearier 
than  the  upper,  to  ctuie  them  to  return  more  readily  to  their  former  poaition. 

ELECTROTYPE  AND  ELECTRO- PLATING.* 
This  letj  uiefu]  application  of  voltaic  etectridty  depends  upon  ita  power  of  in- 
duciDg  chemical  deeompoailion.  This  power,  uinallr  ipoken  of  at  tUcimlj/Bt,  doe* 
not  extend  oier  eierf  chemical  compound  to  the  same  degree  i  differeat  compounds 
require  rery  different  degrees  of  force  to  decompoie  Ihem,  dependent,  of  courae,  upon 
the  strength  of  the  affinity  (to  nee  the  language  commonly  adopted)  which  holds  their 
constituents  together.  The  chief  laws  lo  which  electrolysis  is  subject  are  the  foUow- 
iag : — I,  the  ebetrolj/lt,  or  substance  to  be  decomposed,  must  always  be  in  the  liquid 
atate;  Ihia  follows  from  the  second  law.  2,  The  constituents  of  the  electrolyte  are 
resolred  into  two  gronps,  which  are  attracted  to  opposite  poles  of  the  battery ;  thus 
oiygen,  chlorine,  and  the  acids,  are  usually  attracted  to  the  positiTC  pole,  or  pole  In 
connection  with  the  copper  plate,  while  hydrogen,  the  metals,  and  the  alkalies,  p*aa 
to  the  negative  pole,  or  that  in  connection  with  the  zinc  plate.  These  two  groups 
into  which  the  electrolyte  is  resolved,  arc  termed  by  Faraday,  loiu,'  the  anion  being 
that  which  goes  to  the  anode,  or  potilne  pole,  and  the  catlaoti  that  which  goes  lo 
(he  cathode,  or  ntgatiee  pole.  3,  The  amount  of  decom position  effected  by  the  bat- 
tery in  a  giiTcn  lime  depends  upon  the  degree  of  actiaa  in  the  battery  itself,  and  is 
directly  proportionate  to  the  quantity  of  electricity  in  circulation,  that  is,  to  the 
quantity  of  zinc  dissolved,  t,  Only  those  substances  which  are  composed  of  a  con- 
ductor and  •  non-conductor  on  he  decomposed  by  the  voUaic  current ;  no  compound 
of  two  conductori,  or  of  two  non-conductors,  can  be  so  decomposed. 

The  process  of  electrotype  is  employed  for  obtaining  copper  facsimiles  of  engraved 
plates,  medals,  &e.  It  conusts  in  causing  a  deposit  of  metallic  copper  to  take  place 
opoD  the  aorface  of  the  object  to  be  copied;  when  this  deposit  is  removed,  it  ii  found 
to  present  a  Uthful  copy  of  the  surface  upon  which  its  deposition  took  place.  In 
order  lo  efltel  the  deposition  of  the  copper,  the  object  to  be  copied,  which  must  be 
a  conductor  of  electricity,  or  must  be  made  so  by  brushing  it  over  with  plumbago,  is 
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of  the  article  to  be  plated,  which  is  attached  to  the  negative  pole  of  the  battery,  aod 
immersed  in  a  solution  of  the  cyanide  of  silver  or  gold  in  cyanide  of  potassium ;  the 
positive  pole  being  connected  with  a  plate  of  silver  or  gold  immersed  in  the  same' 
solution.  In  this  way  the  strength  of  the  solution  is  kept  constant,  since  the  weight 
of  metal  dissolved  from  the  positive  pole  is  equal  to  that  which  is  deposited  upon 
the  negative  pole. 

ELECTRO-MAGNETIC   ACTION. 

It  has  been  already  stated,  that  the  vnre  through  which  the  voltaic  current  is 
passing  possesses  magnetic  properties.  If  some  iron  filings  be  brought  in  contact 
vrith  the  vnre,  they  will  adhere  strongly  to  it,  and  will  fall  off  again  when  the 
connection  vnth  the  battery  is  broken ;  each  iron  filing  becomes  a  magnet  while 
the  current  is  passing. 

If  the  wire  be  coated  vnth  silk  and  be  then  coiled  into  a  spiral,  a  bar  of  soft  iron 
placed  in  the  axis  of  this  spiral  becomes  magnetic  while  the  current  is  passing ;  and 
by  bringing  the  end  of  the  spiral  back  to  its  starting-point,  and  coiling  a  second 
spiral  upon  it  vnth  its  threads  in  the  same  direction,  an  extraordinary  power  of 
inducing  magnetism  is  attained.  This  fact  is  of  great  importance,  as  upon  it  every 
proposition  for  employing  electricity  as  a  motive  force  is  founded. 

The  poles  of  the  temporary  magnet  so  produced  are  dependent  upon  the  direction 
of  the  current.  "When  a  current  passes  through  a  right-handed  helix,  the  end  at 
which  the  current  enters  acquires  the  properties  of  a  south  pole,  while  that  at 
which  the  current  leaves  the  helix  is  a  north  pole ;  in  a  left-handed  helix  the 
effects  are  reversed.  The  poles  of  a  temporary  magnet  placed  in  the  axis  of  the  helix 
will  be  similar  to  those  of  the  helix  itself. 

INDUCED   CURRENTS. 

If  a  vnre  through  which  a  voltaic  current  is  passing  be  placed  parallel  to  a 
second  vnre,  the  two  ends  of  which  are  connected  with  a  galvanometer,  the  latter 
will  not  be  affected  whilst  the  current  is  passing  uninterruptedly  through  the  first 
wire ;  but  if  this  primary  current  be  suddenly  stopped  by  breaking  the  connection 
between  the  wire  and  the  battery,  a  tecondary^  or  induced,  current  will  pass 
through  the  second  wire  in  the  same  direction  as  that  in  the  battery  wire;  this 
current,  which  is  only  of  momentary  duration,  is  said  to  be  direct.  When  the 
first  wire  is  again  put  in  communication  with  the  battery,  another  momentary  current 
is  induced  in  the  secondary  vnre,  but  this  current  is  inverse,  that  is,  in  a  direction 
opposite  to  that  of  the  primary  current. 

These  currents  may  be  rendered  far  more  intense  by  coiling  both  wires  into  con- 
centric helices,  and  placing  the  wire  for  the  primary  current  in  the  axis  of  the  coil 
intended  to  convey  the  secondary  current. 

MAGNETO-ELECTRIC   ACTION. 

As  Electricity  is  capable  of  inducing  magnetism,  so  this  latter  may  give  rise  to  an 
electric  current.  If  a  bar-magnet  be  introduced  into  the  axis  of  a  helix  of  copper 
wire  connected  vnth  a  galvanometer,  a  momentary  current  vnll  be  indicated  by  the 
deflection  of  the  needle ;  if  the  bar  be  allowed  to  remain  in  the  helix,  the  needle 
will  soon  return  to  its  former  position,  but,  on  withdrawing  the  bar,  a  current  vnll 
again  pass  through  the  wire  in  an  opposite  direction  to  that  of  the  first  current. 
When  the  north  pole  of  the  magnet  is  introduced  into  a  right-handed  helix,  the 
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(podtive)  cnrrent  pauet  thnx^h  the  helix  in  the  oppoiita  direction  to  that  of  the 
magnet.  If  >  bar  i^  loft  iron  (unnagnetized)  be  placed  in  the  helix,  and  tam- 
|iOTai7  magnetiBm  be  induced  in  it  bj  holding  the  oppoiite  pole*  of  two  bar-magneta 
to  its  extremiticB,  a  current  Till  alio  be  induced  in  the  wire. 

If  tno  concealric  belicea  be  arranged  u  in  the  experiment  upon  induced  cnnenti, 
and  a  bar  of  aoft  iron  be  placed  in  the  uii  of  the  primary  coil,  thit  bar,  in  acquiring 
and  loiiog  magnetUm,  will  gire  rise  to  a  lecondarj  current  corretponding  in  direc- 
tion to  that  induced  bi^  the  primary  coil  alone. 

Theae  aecondary  currents  poaieas  a  very  high  degree  of  inteniity,  Tarying  with  the 
length  of  wire  contained  in  the  coil,  sad  fumiafa  very  brilUent  aparkt;  they  have 
long  been  employed  for  communicating  shoclu  in  the  medical  application  of  voltaic 
electricity. 

The  moit  efficient  form  of  apparatna  for  applying  the  secondary  current  ia  that 
known  aa  SahmJiarff't  coil.  It  consiats  of  two  concentric  belice*  of  inaulated  ci^per 
wire,  the  primary  or  inner  coil  being  aborter  and  ttouter  than  the  aecondary  or  outer 
coil,  which  ia  about  4  or  5  milea  in  length;  great  care  ii  taken  to  eaaure  the  com- 
plete inauUtion  of  each  coil  of  wire.  A  bundle  of  aoft  iron  wirea  ii  placed  in  the 
uil  of  the  primary  coU,  and  one  of  the  end*  of  this  bundle  project*  beyond  the  coil 
OTcr  a  little  moiable  hammer  of  roft  iron  fteei  with  platinum,  which  reata  upon  an 
anvil  faced  with  the  tame  metal.  Thi*  hammer  and  anvil  form  parta  of  the  drcnit 
included  wilhin  the  wire  of  the  primary  coil,  and  when  the  current  ia  paaaing  through 
thia  wire,  the  bundle  of  aoft  iron,  becoming  a  magnet,  atlracta  the  little  hammer, 
taiaei  it  from  the  aniil,  and  arreal*  the  paatage  of  the  current ;  the  eesaatioa  of  the 
current  causes  the  iron  to  lo*e  ita  majinetism,  the  hammer  therefore  falls  back  upon 
the  anvil ;  the  current  again  passes,  and  thus  a  very  frequently  interrupted  current  i* 
maintained,  developing  a  aecondary  current  of  great  intenaity.  A  moat  important 
feature  in  thia  coil  ia  the  condenier,  as  it  is  called,  which  consists  of  an  exten- 
sive surface  of  oiled  silk,  coated  on  each  side  with  tin-foil,  but  leaving  a  margin 
nncoated ;  th  J  i*  folded  up,  to  occupy  let*  apace,  but  so  that  the  opposite  coatings 
may  not  come  in  contact.  Each  of  these  coatings  ia  provided  with  a  conducting 
■trip  of  metal,  which  ia  connected  with  the  portion*  of  the  primary  coil  where  the 
interrupUon  i*  made,  so  that,  when  the  current  is  broken,  the  interrupted  end*  arc 
reipectively  in  metallic  commuaication  with  the  apposite  coalings  of  the  condenser- 
The  action  of  the  condenier  doel  not  aeem  to  be  fully  explained,  but  the  arrange- 
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The  ligns  +  and  -  vepresetkt  the  wires  from  the  battery.    The  eondenscr  is  not 
shown  in  the  figure,  being  contained  in  a  box  on  which  the  coil  is  supported. 

Many  very  beautiful  and  interesting  experiments  can  be  performed  with  such  a 
coil ;  but  the  chief  useful  application  of  it  which  has  yet  been  proposed,  is  for  the  ex- 
plosion of  gunpowder  in  bursting  charges.  When  the  coil  is  used  for  this  purpose, 
the  thin  platinum  wire  may  be  dispensed  with,  the  ignition  of  the  powder  being 
eiliected  by  the  spark  passing  between  the  wires  of  the  secondary  coil,  which  are  for 
this  purpose  brought  pretty  near  to  each  other.  Three  or  four  eells  of  .Orore'i 
battery  are  generally  sufficient  to  effect  the  ignitton  of  powder  when  this  coil  is 
employed. 

MAGNETO-ELBCTRIC   MACHINES. 

Sereral  machines  have  been  devised  for  the  production  of  continuous  electric  cur- 
rents upon  the  principle  demonstrated  by  Faraday,  that  whenever  a  mass  of  metal  is 
made  to  pass  before  the  poles  of  a  magnet,  so  as  to  cut  the  magnetic  curves  at  right 
angles,  electric  currents  are  produced  across  the  metal,  transverse  to  the  direction  of 
motion.  In  the  most  convenient  of  these  machines  (Saxton's),  a  powerful  current 
is  produced  by  causing  an  armature  of  soft  iron  to  revolve  very  rapidly  before  the 
poles  of  a  powerful  horse-shoe  magnet.  Machines  constructed  upon  this  principle 
have  in  some  cases  replaced  the  voltaic  battery  for  the  processes  of  electro-plating ; 
and  it  has  recently  been  proposed  to  employ  them  for  the  production  of  the  electric 
light. 

THERMO-ELECTRICITT. 

It  is  interesting  to  trace  a  relation  between  heat  and  electricity  similar  to  that  which 
has  been  exhibited  between  magnetism  and  electricity.  It  has  been  seen  that  any 
obstacle  to  the  equal  transmission  of  a  voltaic  current  through  a  conductor,  gives 
rise  to  the  production  of  heat,  and,  conversely,  it  is  found  that  an  unequal  transmis- 
sion of  heat  through  the  different  portions  of  a  conductor  occasions  a  development  of 
Electricity.  This  is  best  seen  when  two  bars  of  dissimilar  metals,  such  as  antimony 
and  bismuth,  are  soldered  together,  and  heat  ia  applied  to  the  point  of  junction ;  a 
current  will  then  be  perceived  to  flow  from  the  antimony  to  the  bismuth.  This  fact 
has  received  a  very  elegant  application  at  the  hands  of  Nobili  and  Melloni,  in  their 
investigations  upon  radiant  heat.  Their  thermomuUiplicat  for  measuring  very  minute 
differences  of  temperature,  consisted  of  36  pairs  of  small  bars  of  bismuth  and  anti- 
mony, so  arranged  that  the  heat  to  be  measured  fell  upon  their  points  of  junction,  the 
current  thus  excited  was  then  estimated  by  a  very  delicate  galvanometer ;  it  is  said 
that  even  the  heat  radiated  from  the  bodies  of  insects  could  be  measured  by  this  beau- 
tiful instrument. 

ANIMAL   ELECTRICITY.* 

The  power  which  is  possessed  by  some  species  of  fish  of  imparting  electric  shocks 
is  probably  originated  in  a  similar  manner  to  that  in  which  an  ordinary  voltaic  current 
is  produced.  The  gymnotut  eleetricui,  or  electric  eel,  the  nbtrw  tUctricua,  the  tri- 
ekhurut  electrieuif  the  Mraodoneleetricui,  the  rata  torpedo,  and  all  the  species  of  the 
genus  rata,  exhibit  this  electric  power.  In  the  gymnotus  there  are  two  pairs  of 
electric  organs,  of  different  sizes,  taking  up  about  one-third  of  the  whole  fish  :  they 
are  formed  of  longitudinal,  thin,  membranous  septa,  crossed  by  similar  transverse 


•  The  following  description  of  the  g7mnotui,  torpedo,  and  raift,  hM  been  tranicribed  from  the 
article  upon  Galvanism  bj  Colonel  Portlock,  in  the  preceding  edition  of  this  work. 
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lepta.  The  dUUnce  between  the  longitadiiitl  Mpt«  io  the  Iirge  pair  of  orgui,  tome 
of  which  exteod  netrly  the  whole  leagth  of  the  bod;,  it,  in  large  fiih,  neartr  half  an 
inch  i  asd  between  the  triniTene  lepta,  ^th  part  of  bd  iach,  ao  that  the  whole 
organ  is  divided  into  a  Taat  number  of  cells.  The  diittnce  between  the  longitudinal 
laminK  of  tbe  smaller  pair  of  electric  orgsna  i>  only  g^th  of  an  inch.  These  fishes 
T117  in  length  from  3  to  4  feet,  and  to  great  is  tbe  power  of  the  shocli,  that  hones 
are  ttnnned  by  it ;  Uie  animal  has  not  the  power  of  keeping  up  a  continued  suceeadon 
of  sboclis,  so  that  in  South  America  they  are  captured  after  haring  allowed  them  to 
exhaust  tiieir  electric  energy  upon  horses  driven  into  the  pools  where  they  abound. 
The  anterior  portions  of  the  fish  are  positive  to  tbe  posterior,  so  that  the  most  powerM 
shocks  are  imparted  when  it  is  touched  simultaneously  near  the  head  and  tail.  In 
Ibe  torpedo  there  is  an  electric  organ  on  each  side,  situated  between  the  cranium  and 
gills  and  tbe  cartilage  oi  the  great  pectoral  fins;  they  are  about  &  inchea  long,  3 
incha  broad  in  front,  and  about  half  an  inch  broad  behind,  extending  from  the  an- 
terior extremity  of  the  animal  to  tbe  transterse  cartilage  which  diride*  the  thorax 
from  the  abdomen.  Above  and  below,  the  rleclric  organ  is  covered  by  a  fibrous  mem- 
brane, and  at  the  sides  it  is  closely  connected  with  the  skin,  having  a  second  fibrous 
layer,  the  fibres  of  which  are  transverse  to  those  of  the  Grit,  under  it.  The  organ 
within  these  membranous  coats  is  formed  of  perpendicular  columns,  reaching  from 
the  upper  to  the  under  surface  of  the  body.  The  diameter  of  the  columns  is  about 
^ths  of  an  incli,  and  their  figure  irregular,  varying  generally  from  the  heiagoa  to  tbe 
pentagon  ;  the  coats  bung  very  thin  and  transparent,  and  the  columns  closely  con- 
nected together  by  a  liind  of  loose  network  of  tendinous  fibres  passing  traoiveraely 
and  obliquely  between  the  columni.  Tbe  columns  are  dirided  by  horizontal  par- 
titions, placed  at  very  small  distances,  and  forming  numerous  interstices.  Tbe  number 
of  columns  in  each  organ  of  a  torpedo  IS  inches  long,  was  470  ;  and  in  one  41  feet 
long,  1182;  and  the  number  of  transverse  partittoos  in  one  inch,  ISO.  The  nnmerons 
cells  of  both  the  gymnotui  and  the  torpedo  are  filled  with  a  gelatinous  fiuid,  and  tbe 
nerves  connected  with  them  are  both  numerous  and  massive.  This  latter  conudera- 
tion  of  the  great  amount  of  nerves  bestowed  upon  these  organs,  and  tbe  fact  that  the 
animal  can  give  or  vrithbold  tbe  shock  at  will,  afford  strong  support  to  the  opinion 
that  the  apparatus  is  charged  by  an  instantaneous  nervous  excitement,  and  the  tem- 
porary Ion  of  tbe  power  by  exhaustion  corresponds  to  the  ordioary  debility  conse- 
quent upon  anytoo  long  continued  exerdteof  nervous  power.    The  researchei  of  M. 
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more  able  to  effect  chemictl  decomporition,  though  its  inteniity  is  very  much  lower 
than  that  of  the  machine-electricity,  and  therefore  it  does  not  pass  so  readily  through 
non-condactors  in  the  form  of  sparks,  unless  its  intensity  is  much  exalted,  either  by 
increasing  the  number  of  cells  in  the  battery,  or  by  causing  it  to  induce  a  secondary 
current.  It  has  been  calculated  by  Faraday,  and  confirmed  by  Becquerel,  that  the 
decomposition  of  a  single  grain  of  water,  which  may  be  eflfected  by  one  voltaic  pair, 
woold  require  800,000  discharges  of  a  Leyden  battery  exposing  3500  square  inches 
of  coated  surface. 

The  study  of  voltaic  electricity,  more  than  that  of  any  other  branch  of  experimen- 
tal science,  brings  prominently  before  the  mind  the  correlation  and  mutual  depen- 
dence of  what  we  are  in  the  habit  of  calling  the  different  varieties  of  force.  We 
there  learn  that  heat,  electricity,  magnetism,  and  chemical  action,  are  so  intimately 
connected,  that  one  being  given,  all  the  others  may  be  developed  from  it ;  either  of 
these  forces  may  also  be  made  to  furnish  light,  though  the  converse  relation  is  not 
yet  in  every  case  so  clearly  established.  This  consideration  holds  out  to  us  some 
expectation  that  the  unity  of  force  may  hereafter  be  demonstrated ;  and  a  further 
extension  of  our  knowledge  of  the  mutual  dependence  of  different  forces,  even 
should  it  fall  short  of  this,  could  not  fail  to  strengthen  our  command  over  material 
phenomena,  and  to  lead  to  fresh  discoveries,  contributing  to  human  welfare  and 
advancement. 


GEOGNOSY  AND  GEOLOGY.*— The  actual  meaning  of  the  first  of  these 
terms,  is  a  knowledge  of  the  earth,  and  of  the  other,  a  treatise  or  discussion  tending 
to  promote  such  knowledge ;  hence  it  is  natural  that  they  should  have  often  been 
used  to  designate  the  same  inquiries :  at  present  it  is  more  usual  to  signify  by  the 
term  Geognosy,  a  study  of  the  nature,  characteristic  differences,  modes  of  arrange- 
ment and  combination  and  distribution  of  rocks ;  and  by  Geology,  a  study  of  the 
phenomena  (whether  exhibited  in  the  mineral,  vegetable,  or  animal  kingdom)  con- 
nected with  the  formation  and  subsequent  modification  of  those  masses,  stratified  or 
nnstratified,  of  mineral  matter  which  constitute  the  crust  of  the  earth.  These  two 
branches  of  inquiry  are  however  so  intimately  connected  with  each  other,  that 
although  it  may  be  possible  to  acquire  a  competent  knowledge  of  the  actual  com- 
position and  general  nature  of  rocks  without  studying  the  laws  which  have  regulated 
their  formation,  it  is  certainly  impossible  to  understand  fully  the  formation,  modifi- 
cation, and  disturbances  of  that  portion  of  the  earth's  crust  which  comes  within  the 
scope  of  observation,  without  having  previously  acquired  a  knowledge  of  the  compo- 
sition and  qualities  of  the  rocks  or  strata  which  compose  it.  In  this  brief  sketch, 
therefore,  of  the  science,  those  parts  of  each  branch  of  inquiry  will  be  combined 
together  which  are  considered  essential  to  the  successful  application  of  theory  in 
practice. 

If  we  look  at  Geology  in  the  widest  sense  of  the  term,  it  i^ipears  to  us  a  science 
intimately  connected  with  the  highest  branches  of  physical  research.  The  earth,  as 
one  of  the  planetary  bodies  revolving  round  the  centre  of  our  solar  system,  must,  like 
all  the  other  planets,  be  subject  to  the  great  laws  by  which  they  are  retained  in  their 
orbits  and  caused  to  revolve  on  their  axes ;  it  is,  in  short,  only  one  member  of  a 
great  whole,  and  in  its  density,  its  volume,  and  its  mass,  is  in  strict  relation  to  all 
the  other  bodies  of  the  system.    The  first  formation,  therefore,  of  the  earth,  or  the 
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intBiier  ia  wUdi  it  it  pmbtbly  coDdenud  from  Debsloni  mittef,  ud  redneed  to  the 
pUnettrr  form,  nitjr  be  eoaiidered  t  partioa  of  AitrODOniioil  ideDce.  And  if  we 
leave  tU)  (ublime  inqnir;,  and  enter  upon  the  more  practical  ioTettigatioB  of  tlie 
pieient  >tit«  of  tix  earth'*  lurface,  we  are  looii  coatiaced  tliit  there  it  MmetfaiDB 
more  in  the  rocka  and  atrata  we  diacoTcr  than  mere  mauet  of  stone  or  heqn  of 
gravel,  sand,  or  mud,  eonfasedlj' thrown  together:  we  find,  in  (act,  that  theae  de- 
poaitt  hive  been  the  revolt  of  forcei  tending,  Mccrding  to  the  Uwa  of  nature,  dtber 
to  break  op  and  remove,  or  to  deposit  and  conaolidile  in  new  forms  the  minend 
strata,  and  onr  science  is  thus  connected  vrith  the  eiperimental  sciences  of  Meteoro. 
loKT  and  Chemirtrr. 

Nor  is  thii  t]l;  for  whilst  we  examine  the  mud  and  ttnda  of  onr  own  ooMtt  and 
teas,  and  And  imbedded  in  them,  or  resting  upon  them,  the  relies  of  ninf  living 
species  of  snimals  and  plants,  ire  cannot  overlook  the  analogy  as  to  distribution  and 
arrangement  exhibited  by  the  saDdstonea  and  clays  of  other  epochs,  and  the  «asd«r> 
fnl  hct  that  they  too  are  associated  with  therelicaof  ot^nic  heinga.  It i*  here  tbea 
that  we  leam  the  close  connection  of  Geology  «ti(h  the  natoral  sdeneea,  and  are 
taught  to  view  that  science,  which  may  at  first  have  appeared  to  us  a  humble  iuvea- 
tigatiaa  only  of  the  drcamstaneet  of  inert  matter,  in  the  lofty  character  of  u  ex- 
pounder of  the  mysteries  of  organic  ereation. 

Thus  much  has  been  said  in  order  to  impress  npon  tbe  reader  the  pbilosopbiesl 
importance  and  dignity  of  Geology :  and  that  it  practical  importance  ia  the  rendt  of 
it*  philoaophical  connection  with  the  exact  adencea,  will  now  be  ahown. 

Let  it  he  first  premised,  thst  a  science  is  practically  vsJaable  juit  in  proportion  u 
its  law*  have  been  ttadied  and  eatahliihed.  So  long  as  we  are  uncertain  whether  a 
known  result  haa  proceeded  fnnn  a  definite  canae,  we  are  onable  to  apply  the  fact  ta 
dreamatance  to  the  elucidation  of  other  facta  or  drcnmstauces ;  and  ao  long  m  ire 
are  unacquainted  with  the  properties  of  any  aubtlance  under  our  eiamiaation,  we 
cannot  declare  with  certainty  trhat  share  it  may  bave  bad  in  the  phenomena  we  have 
observed.  This  may  be  illustrated  by  a  reference  to  ^upowder.  Its  explosive  qua- 
lity is  the  resnlt  of  its  composition,  and  we  can  only  depend  upon  the  results  when 
we  know  that  the  componud  has  been  aecoratety  formed;  to  ensure,  therefon,  cer- 
tainty  in  our  operations  with  it,  we  must  take  care  that  a  proper  staodaid  of  com- 
position has  been  adhered  to.  In  a  similar  manner  we  can  only  apply  Geology  at  ■ 
practical  sdeoce,  when  we  have  aacertained  and  made  ourselves  familiar  with  those 
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• 
argumeiits  in  arging  our  brother  Officers  to  study  a  sdeiice  tt  once  rich  in  Iscts  of 

the  highest  interest,  and  capable  of  the  m6st  important  practical  appUcatims.    As 

briefly  then,  u  possible,  will  be  explained— 

1st.  Those  theoretical  deductions  which,  proceeiiing  from  the  obsenration  of  lactSt 
have  resulted  in  the  establishment  of  what  are  called  geological  formations. 

2nd.  The  practical  application  of  the  theory. 

In  order  to  acquire  a  clear  conception  of  geological  phenomena,  it  is  necessary  t» 
take  a  brief  review — Ist,  of  the  various  elementary  substances  which  enter  largely 
into  the  composition  of  the  earth's  crust,  and  of  the  fluids  connected  with  it ;  and 
2ndly,  of  the  principal  compounds  formed  by  them. 

Including  most  of  the  metals,  there  are  more  than  fifty  substances  which,  having 
as  yet  resisted  the  efforts  of  the  chemist,  still  appear  to  our  senses  simple ;  of  which 
sixteen  only  occur  extensively  amongst  ordinary  mineral  compounds,  whether  fluid  or 
solid.  They  are,  Odrjfgem,  hydrogen,  azote  or  nitrogen,  chlorine,  fluorine,  earbomf 
tu^kur,  phoephoruMf  aiUcium,  alvmuwan,  potateium,  eodmm,  magnenuwi,  ealcimm^ 
vrom,  and  manganeu,  which,  combined  together  in  various  ways,  compose  the  greater 
portion  of  the  earth's  crust  and  of  its  liquid  envelope. 

The  other  elementary  substances,  though  several  of  them,  as  bromine,  iodine,  and 
boron,  are  highly  interesting,  and  some,  as  the  metals,  are  most  important,  do  not 
constitute  a  portion  of  the  whole  sufficiently  great  to  require  a  specific  notice  in  this 
part  of  our  subject. 

The  important  offices  of  some  of  these  substances  are  generally  known ;  as,  for  ex- 
ample, of  hydrogen  and  oxygen  in  water, — of  oxygen  and  nitrogen  in  air,— of  carbon 
as  a  minute  but  very  essential  constituent  of  air, — of  carbon  again  u  a  combustible 
substance  in  turf,  wood,  and  coal, — of  iron  as  the  most  useful  of  metals ;  but  in 
addition  o  these  well-known  offices,  they  have  others,  little  less  essential  and  marked, 
to  perform  in  the  mineral  constitution  of  the  earth's  surface,  as  it  is  by  the  combina- 
tion of  the  metallic  and  non-metallic  elementary  substances  that  the  minerals  of 
which  its  great  bulk  consists  are  formed :  considering  these  substances  in  order,  this 
first  great  fact  will  become  evident. 

Oxygen  combines  with  silicium  to  form  silica,  of  which  it  constitutes  more  than 
a  half ;  but  silica,  either  pure  or  combined  as  an  add  with  metallic  bases,  has  been 
estimated  to  form  almost  one-half  of  the  solid  crust  of  the  terrestrial  globe ;  and 
hence  oxygen,  in  this  one  condition,  is  equivalent  to  a  quarter  of  the  ponderable 
matter  of  the  earth's  surface.  But  oxygen  is  also  combined  with  aluminium  to  form 
alumina,  an  earth  which  is  an  essential  constituent  of  certain  minerals  and  rocks,  the 
decomposition  of  which  produces  the  beds  of  clay  so  general  throughout  the  world : 
and,  when  the  quantity  of  mud  or  clay  found  in  modem  alluvium,  and  the  beds  of 
clay  in  more  ancient  deposits,  are  considered,  as  well  as  the  strata  of  mica  and  clay 
slate,  of  great  thickness  and  extending  over  miles  of  the  earth's  surface,  in  all  of 
which  alumina  is  an  essential  ingredient,  the  several  varieties  of  day  being  essen- 
tially  silicates  of  alumina  proceeding  from  the  decomposition  of  the  felspar  and  mica 
of  granite,  gneiss,  mica  slate,  and  day  slate,  the  importance  of  alumina  must  be  con- 
sidered only  second  to  that  of  silica;  but  of  this  earth,  oxygen  in  wdght  forms 
nearly  one-half. 

Again,  of  carbonate  of  lime,  the  basis  of  limestone,  a  mineral  constituting  in  many 
parts  of  the  world  mountain  masses  of  many  hundreds  of  feet  thickness,  oxygen  forms 
also  nearly  one-half;  so  that  if  we  add  to  these  instances  of  its  presence  that  of 
vrater,  so  abundant  in  the  mineral  as  well  as  the  vegetable  and  animal  kingdoms,  and 
of  which  it  forms  in  weight  eight-ninths,  we  may  readUy  believe  that  of  the  whole 
crust  of  the  earth,  at  least  one*half  is  composed  of  this  remarkable  element. 
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Ih/dngen,  u  •  conttilnent  of  vater,  enters  into  the  comporition  at  many  mineralt 
uid  mineral  itrala,  and  forma  a  part  of  almoit  every  organic  aubaliDce. 

Azatt  or  nitrogtn,  aa  a  conatituent  of  the  atmoaphere,  of  moat  animal,  and  of 
acTeral  vegetable  lubitancei,  ii  an  important  element,  although  it  la  acarcely  appre- 
ciable in  the  mineral  Idngdom.  Tcices  of  tbia  fundimeatal  element  of  animal  or- 
ganization ere  however  to  be  obierved,  in  the  form  of  ammonia,  in  thoae  atrtta 
wherein  were  depotited  the  remaina  of  animals,  and  loeh  traces  have  been  sometimea 
appealed  to  as  a  test  of  the  former  presence  of  animals  in  strata  vbich  now  ex- 
hibit DO  foBsil  evideace  of  their  eiietence;  but  however  striking  this  eihibition  of 
kmmonia  may  be,  it  i>  aubject  to  so  many  sources  of  uncertainty,  aa  to  he  justly 
considered  inauffleient  in  deciding  ■□  obscure  and  difficult  a  question. 

Carbon,  the  baaia  of  coal,  the  base  of  carbonic  acid,  and  Ibe  most  conaiderable 
element  of  tbe  aoUd  parts  of  animals  and  vegetables,  is  one  of  the  most  important 
Bubatancea  in  nature ;  it  forms  nearly  one-eighth  part  of  carbonate  of  lime,  and  ia 
therefore  an  essential  conatituent  of  the  earth's  cmst. 

SalpKar,  thongh  a  constituent  of  many  organic  anbatancea,  ia  exhaled  in  large 
quantities  from  volcanoea,  either  in  a  pure  state  or  in  combination  with  hydrogen, 
and  baa  evidently  therefore  proceeded  from  some  of  the  mineral  substances  with 
which  they  are  connected.  Sulpbur  ia  alao  visibly  a  part  of  the  mineral  kingdom,  aa 
it  occurs  in  the  sulphurets,  in  lulphate  of  lime  or  gypsum,  in  sulphate  of  baryt*, 
ttrontia,  etc. ;  but  as  regards  the  sulphurets,  its  preseace  is  often  only  secondary, 
being  the  consequence  of  the  partial  decomposition  of  the  sulphuric  add  of  aolublc 
aolphatea.  And  here  may  be  noticed  tbe  singular  chain  of  composition  and  decom- 
position eibibited  by  this  substance.  In  beds  of  shale,  iron  pyrites  (hiaulphuret  of 
iron)  ia  frequently  very  abundant,  and  when  water  gains  access  to  it,  there  is  a  par- 
tial decomposition,  some  of  tbe  oxygen  of  the  water  combining  with  tbe  sulphur  to 
form  salphurie  acid,  which  then  combines  with  tbe  iron,  also  oxidized  from  the 
water,  to  form  sulphate  of  iron.  This  soluble  salt  is  carried  away  by  tbe  mtering 
water,  and  when  it  comes  in  contact  nilh  animal  or  vegetable  substance*  imbedded 
in  the  strata,  is  again  decomposed,  the  oxygen  going  to  the  hydrogen  and  carbon  of 
the  organic  bodies,  and  a  sulpharet  of  iron  being  deposited  in  their  tissues.  The  re- 
aulta  of  this  process,  ai  exhibited  in  fossil  vegetables  and  in  the  organic  portions  of 
shells  and  fish,  are  sometimea  very  beautiful,  and  it  may  be  doubted  whether  the 
auccesaion  of  compositiooa  Md  decompoaitiona  has  yet  been  traced  up  to  its  first 
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bat  H  may  be  coniidered  important  rather  in  a  mineralogical  than  in  a  geological 
tense. 

SiUcium  or  Silicon,  a  metal  of  which  silica  is  the  oxide.— The  important  position 
this  substance  occupies  has  been  shown  under  '  Oxygen ;'  most  of  the  minerals,  exclu- 
sive of  the  carbonates  and  sulphates,  which  form  the  earth's  crust,  appearing  in  the 
form  either  of  silex  or  of  silicates.  The  water  of  springs  and  wells  always  contains 
a  little  soluble  silica :  in  mineral  waters  its  quantity  is  sometimes  more  considerable, 
and  associated  with  an  alkaline  carbonate,  it  occurs  in  the  hot  alkaline  spring  of 
Reikum,  in  Iceland,  and  in  the  boiling  jets  of  the  Geyser.  These  latter  modes  of 
occurrence,  whilst  they  indicate  the  slow  but  continual  destruction  of  the  silicates  of 
the  mineral  kingdom,  give  a  useful  hint  as  to  the  probable  formation  of  much  of  the 
crystalline  quartz  in  nature. 

^fumtntttm,  a  metal  of  which  alumina  is  the  oxide. — Alumina,  as  one  of  the  prin- 
cipal constituents  of  clay,  and  of  all  those  minerals  and  rocks  from  the  decomposition 
of  which  it  is  produced,  is,  as  shown  under  *  Oxygen,'  a  most  important  portion  of  the 
earth's  crust.  It  is  also  well  known  as  one  of  the  component  parts  of  alum,  a  salt 
so  extensively  used  in  dyeing,  which  is  a  double  sulphate  of  potash  and  alumina.  The 
sulphate  of  alumina  is  formed  naturally  by  the  action  of  sulphuric  acid,  proceeding, 
as  already  stated,  from  the  decomposition  of  iron  pyrites  (bisulphuret  of  iron)  on  the 
beds  of  clay  or  of  shale  in  which  that  mineral  is  abundant.  The  sulphate  of  alumina 
being  dissolved  out,  and  separated  by  crystallization  from  the  proto-sulphate  of  iron 
formed  at  the  same  time,  is  mixed  with  sulphate  of  potash,  and  the  two  combine  to 
form  the  double  salt  alum.  Alum-stone,  a  natural  product  of  volcanic  countries,  also 
yields,  by  heating,  this  substance :  it  is  abundant  in  the  ancient  crater  of  Solfotara, 
near  Naples. 

Potatrium,  a  metal  of  which  the  alkali  potash  is  an  oxide. — Potash  is  a  component 
of  many  minerals,  especially  of  felspar  (a  well-known  constituent  of  granite  and 
gneiss),  of  which  it  forms  nearly  ^th  part.  Potash  in  this  mineral  is  in  the  condition 
of  a  silicate,  and  it  is  from  the  decomposition  of  rocks  containing  felspar  that  the  soil 
is  provided  with  the  potash  necessary  for  the  support  of  various  plants.  From  the 
artificial  destruction  of  these  plants,  the  potash  is  obtained  for  use  in  the  arts,  and 
has  therefore  obtained  the  name  of  vegetable  alkali  from  the  source  of  its  secondary 
production.  It  is  the  base  of  the  important  mineral  compound,  nitre  or  nitrate  of 
potash,  which  will  be  further  noticed. 

Sodium,  a  metal  of  which  soda  is  an  oxide. — This  alkali  replaces  potash  in  albite 
(soda  felspar).  Soda  has  been  called  the  mineral  alkali,  in  contradistinction  to  potash, 
but  such  a  mode  of  distinction  is  now  known  to  be  groundless.  Carbonate  of  soda 
is  obtained  from  kelp,  or  the  ashes  of  calcined  sea- weeds,  and  might  therefore,  as  a 
secondary  production,  be  also  called  vegetable.  Soda  is  likewise  found  in  all  animal 
fluids,  and  the  base  itself  is  widely  diffused  in  that  most  valuable  salt,  the  chloride  of 
sodium,  or  common  salt.     Nitrate  of  soda  abounds  in  Peru. 

Magnesium,  a  metal  of  which  the  earth  magnesia  is  an  oxide. — Magnesia,  as  a 
silicate,  is  a  component  of  many  important  minerals,  especially  of  pyroxene  or  augite, 
of  amphibole  or  hornblende,  of  steatite,  and  of  serpentine.  Of  hornblende  it  forms 
^th  part.  It  is  also  remarkable  as  a  carbonate  in  dolomite,  or  magnesian  limestone, 
a  combination  of  the  carbonates  of  lime  and  magnesia  which  is. very  extensively 
diffused  in  nature,  and  forms  occasionally  mountain  masses.  The  effect  of  magnesia 
on  vegetation  is  well  known.  As  a  carbonate,  it  would  in  itself  perhaps  be  innocuous, 
but  as  it  is  liable  to  be  decomposed  and  to  form  very  soluble  salts,  it  may  be  carried 
into  the  vegetable  organism,  and  thereby  prove  injurious.  As  an  alkaline  earth  it  is 
dangerous  from  continuing  so  long  in  a  caustic  state. 
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ClsMiim,l}ie  metallic  bue  of  the  earth  lims,  which  formi  mme  then  ihclf  of  car- 
bonats  of  lime, — It  i>  unneceiuiT  tc  dwell  on  the  vait  importance  of  the  Utter 
minentl,  both  ai  an  economial  nibttance  and  a*  a  coniUtoenl  of  the  eaitb'i  cnnt ; 
but  lime  ii  also  fonnd  u  a  component  of  another  nliuble  nunertl — lulphate  of  lime, 
or  sTP'nm,  of  nhich  it  form*  about  ^th  pari.  Gyptam  oecura  in  eitenalTe  bcda  in 
more  than  one  geological  formation ;  in  America  in  the  pritnaij  or  Siinrian,  in  Bng- 
Und  and  Ireland  in  the  aecondarr,  and  along  the  Ueditemnean  in  the  tcrtiai;  atrata, 
diviaiont  which  will  be  hereafter  explained.  Lime  alao  enlera  into  the  compoaition 
of  a  great  raiietj  at  minenla. 

Iron. — The  mere  name  of  thii  metal  muat  recall  to  memor)'  the  mnltitnde  of  utea 
to  which  it  ia  applied,  and  jiutif;  ui  in  regarding  it  aa  one  of  the  greateat  giAa  of 
creatite  intelligence  to  man.  In  addition,  however,  to  ila  occurrence  in  a  mioerat 
atate  in  our  coal  meaaurcB,  as  daj  iron-ataue,  and  alio  aa  apathic  iron,  both  et  which 
are  carbonatea  of  iron,  in  masui  and  in  diiaeminated  nodulea  ai  anhydnxM  and 
hjpdrated  peroxide  of  iron,  or  red  and  brown  hematite,  in  the  magnetic  oiide  and  in 
apecular  iron,  or  Elba  iron, — minerals  whichaa  orei  areamelted  for  iron. — it  iafoond 
almost  pure  in  maasea  of  meteoric  iron  and  b  a  vein  traTcraing  mica  alate  in  North 
America.  In  combination  as  an  oiide,  it  ia  citeniiTel)' diffiued,  being  found  ia  tmall 
quantities  in  moat  minerals,  and  consequently  in  the  soil  of  the  earth's  surface.  It 
occnn  in  many  springs,  being  dieBolred  aa  a  protoxide  by  water  charged  with  car- 
bonic add,  and  then  again  deposited  as  a  peroxide,  either  at  the  bottom  of  marabei, 
a*  bog  iron,  or  on  the  banks  of  the  springs :  but  it  ia  deserving  of  notice  that  thia 
apparentlj  aimple  operation  is,  in  reality,  often  compound ;  the  tangled  masses  of  thia 
aabstance,  so  frequent  in  such  situations,  proving,  on  examination,  to  be  the  work  itf  an 
iafuBorisl  animal, — the  gaillonells  ferTuginea,^which  thus  interpoaea  and  redocea 
the  mineral  to  an  animal  lubatance.  In  the  colouring  matter  of  the  blood,  of  the 
hair,  and  of  many  other  tissues,  both  animal  and  vegetable,  thia  metal  ia  also  found, 
and  its  uses  are  not  therefore  limited  to  the  great  works  of  art, — the  machinery  of 
dviliied  aodal  life, — but  are  traced  also  in  the  many  charms  which  are  shed  orer 
life  itself  by  the  varied  colouii  assumed,  under  the  control  of  creative  power,  by  the 
petals  of  the  Sower,  the  egg  and  feather  <rf  the  bird,  or  the  akin  of  man  and  other 
animala. 

Mangaiift  entera  into  the  composition  of  a  great  number  of  minerala,  though  often 
in  a  very  small  quantity,  fbrmiug,  in  such  cases,  their  colouring  matter.    It  is  also 
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2.  Theminenl(»hidiei]terIiitothecompodtionafn)dci,nda(ib«lIBaddapa«ib, 
ire  (ew ;  nunelj. — qnirti,  felipar,  mlc*,  •ngite,  faomblende,  midiilatAd  Iron,  cufao- 
nilE  of  lime,  lulptiate  of  Ume,  double  oubooate  of  lime  and  tnigiteri*  or  dolomite, 
chloride  of  ladinn  or  rock  Mit,  coti,  and  lignite.  Uur  otber  miucnlt  occor  occft- 
■iaaall  J  in  rocks  ind  tedimentuy  depoiiu,  and  iniptMi  npoa  tbem  •  eontequent  peea> 
lieritr,  inch  m  the  pmet  in  mica  idiiit,  the  tourmaline  in  lome  TUietiei  <d  gnaila, 
fliott  in  ebtlk  and  other  aleareona  fermatioiu,  Iron  pTTitet  (Uiatpharet  of  Iran)  and 
cartenate  of  ironiD>hale*,crptaIUzed  cariMnorthe  diamoBd  amonpt  the  giarel  and 
other  tnniported  or  allnvial  matter  along  the  Qhanti  in  India  (eqiedally  at  Ocd- 
cooda).  aa  alio  in  Borneo  and  in  Brazil ;  hot  tkeie,  ai  well  aa  the  Tut  Tiiiet;  of 
minenli  fonad  io  the  bualtt  or  lam  irf  andent  and  the  tmdiTtle  laTU  of  modem 
Tolcanoea,  and  thou  either  auociated  with  metallic  ore*  or  iaolated  in  mineral  vdoa, 
although  replete  with  inteccat  to  the  mineralogist,  and  often  of  great  falne  to  the 
caRfollf  inquiring  geologist,  are  insignificant  aa  to  quantity,  when  compared  with 
those  dted  aa  the  principal  constituents  of  Um  eattb'a  cnat. 

The  composition  of  these  minerals  may  be  rcpiesented  in  a  tabolar  torn. 


lT«wlV»HtT. 

1 

j 

1 

1 

1 

1 

•8 

U 

■si 

h 

il 

i 

\i 

1 

100 
62-83 

1702 

3-00 

„ 

130. 

» 

1-00 

" 

•■ 

•■ 

- 

- 

(Carlsbad)  .    .     . 
(Albile,  of  Chw- 

64 -Sf) 
70'18 
70-68 

1975 

18-45 
15-80 

trace. 
0-55 
0-23 

., 

11 -SO 

10-50 
9-06 

1-75 

;; 

0-75 

s,    or    talc- mica, 
iinnwald]     .     . 
(Znd   Zinnwaid 
irielj)     .    .     . 
lepidoUte  (granu- 

47-00 
46-23 
5035 

SO-00 
14-14 
28-30 

" 

u-5n 

9-04 

" 

15-50 
17  97 

1-75 
4-57 

1-23 

" 

" 

3- 
5- 

3 

0 

4-21 
5-49 

Jte  (green)  .    .    . 
(black)  .     .    . 

54-08 
53'3S 

" 

23-47 

22-19 

11-49 

4-89 

•■ 

■• 

10-02 
17-38 

0-CI 

0-09 

'• 

vgaute).     .    .    i 

10-26 

11-48 

13-96 

19-03 

„ 

„ 

3-43 

0-36 

„ 

1-60 

ji 

(black)  .... 
dalalediron.     .    . 

45-69 

12-18 

1385 

18-79 

■■ 

■•{ 

7-32 

0-22 

}■• 

■■ 

" 

1-30 

: 

bonate    of     lime) 
■hen  pure,  as  cal-  > 
•iMn..p«).    .    ) 
^oflm,e(gTp.| 

., 

55-93 

„ 

43-58 

„ 

„ 

3300 

„ 

„ 

.. 

.. 

„ 

44-80 

21-00 

„ 

,. 

*>«iite(byThonip»on) 

■' 

0-GS 

41-75 
30-54 

22-91 

{ 

1-00 

}  ■■ 

1-69 

•■ 

48-22 

5500 

„ 

„ 

'• 

Pure  rock^alt  ma;  be  considered  a  compound  of  aodium  40*5  and  ddorine  59-&, 
bU  it  ii  nanallf  contaminated  b;  a  amall  qnantitr  of  extnoeons  inbvtaiicea ;  tht  salt 


98 


GEOGNOSY   AND    GEOLOGY. 


MnhkU  ofiodt 98-32 

Muri*le  of  MagDCiia       ....        002 

Muriate  of  lime 0-01 

Sulphate  of  lime 0*65 

UncUuolTed  uiatter  ....  I'OO 
Coal  and  lignite  in  like  manDCt  exhibit  a  great  TaiieCj  s>  to  puritj,  and  ctgd  ai  to 
the  conititioD  of  their  labstanee.  Blind  enal,  culm,  or  anthracite,  contains  for  ei- 
ampte  from  94  to  97  per  cent,  of  carbon  miied  only  with  minend  matter,  u  no  bitn- 
men  bu  been  dercloped  in  it,  though  tracei  of  Tcgetablea  hBve  been  diicovered  eren 
in  anthracilfl!  thi>  therefore  ii  a  non-flaming  coal,  and  yielding  an  intente  heat,  i* 
particnlarly  valuable  for  the  lime-kiln  tad  timilu-  pnrpoiei.  The  Kilkenny  coal  of 
Ireland  and  tbe  culm  of  Walea  belong  to  this  diviaion.  NGvcutle  coal  ia  on  the 
contrary  a  flaming  or  bituminous  coal,  consisting,  in  tbe  best  Tarietiei,  of  carbon 
S4'g9,  bfdn^en  3'23,  oxfgen  11-78,  bitumen  bating  been  developed  in  its  lubttanee 
b;  tbe  action  of  oxygen  and  hydrogen  on  a  part  of  its  carbon.  Lignite  still  exhibit* 
the  itnidure  of  wood,  and  may  be  considered  a  fossil  charcod. 

In  looking  at  the  Table,  a  lubalance  will  be  observed,  not  named  in  the  list  of 
principal  elementary  snbslAnces,  iti  quantity  being  smalt  in  the  compotition  of  rocks, 
namely,  lithia,  an  alkali  which  has  obtained  its  name  from  the  Greek  XSStiot,  is 
being  fint  derived  from  an  earthy  mineraL  Tbe  metal  lithium  was  obtained  by  Davy 
from  thii  alkali :  its  equivalent  i>  very  low,  6-44,  and  its  oxide  has  therefore  a  high 
saturating  power.    The  discoverer  of  the  slkali  wu  Arfwedson,  in  IBIS. 

It  is  right  alto  to  draw  attention  to  the  variation  of  the  quantitiet  of  elements  in 
varieliea  of  the  same  mineral,  a  (act  constantly  occurring  in  mineralogy,  and  explained 
iiy  the  chemical  theories  of  equivalents  and  isomorpbiim.  This  latter  doctrine  i« 
founded  on  observation,  and  means,  that  aubataacea  poaseMing  the  same  elementaty 
constitution  may  replace  each  other  in  a  mineral,  without  disturbing  its  principal  or 
characteriatic  qualities;  for  eiample,  alumina  is  possessed  of  the  same  elementary 
conatitution  as  peroxide  of  iron,  namely,  it  conaista  of  2  of  base  to  3  of  oxygen,  and 
can  thus  replace  it ;  and  magnesia,  poaaeasiag  a  constitution  of  1  of  bue  to  1  of 
oxygen,  can  replace  the  protoiide  of  iron.  In  green  and  black  augjte  this  ia  well 
exemplified  by  tbe  proportions  of  the  bases  :  as, 

Greenaugite,— magnesia  11-49 +  prot.  iron  10-02  ^  21-51 
Black  aa(^l«,—magnesU   4-99-t-prot.  iron  17'3B  ^  22-37; 
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Jfieo.— Prerailing  colour,  white,  grey,  yeHow,  dark  brown,  or  black;  transparent 
and  translucent,  especially  in  thin  laminae;  lustre,  pearly;  flexible  and  elastic  when 
in  laminae,  by  which  character  it  is  distinguished  from  chlorite  and  talc.  This  re- 
markable mineral  is  at  once  recognized  in  granite,  gneiss,  and  mica  slate,  by  the 
brilliancy  of  its  plates  or  huninv. 

Aitgite, — Colour  yarying  from  green  or  grey  to  brown  and  black;  generally 
opaque ;  lustre  vitreous,  inclining  to  resinous ;  brittle.  This  is  a  very  common  pro- 
duct of  volcanic  rocks. 

Hornblende, — Prevalent  colour,  shades  of  green  extending  up  to  black ;  generally 
opaque;  lustre  vitreous,  inclining  to  pearly  in  light-coloured  varieties.  Brittle  when 
isolated,  but  when  massive  it  is  frequently  tough,  and  therefore  vrith  difficulty 
frangible. 

The  two  last-named  minerals  are  reducible  to  the  same  chemical  formula,  as  they 
are  both  bisilicates  of  lime  and  magnesia,  in  which  a  portion  of  the  acid  or  silica 
is  sometimes  replaced  by  alumina,  and  a  portion  of  the  base  by  protoxide  of  iron, 
according  to  the  law  already  noticed ;  but  they  afford  an  example  of  dimorphism,  as 
the  crystalline  forms  are  different.  Hornblende  is  an  essential  ingredient  of  syenite 
and  greenstone,  and  occurs  frequently  in  granite,  gneiss,  and  other  mountain  rocks, 
and  this  general  difference  of  geological  position  will  naturally  lead  the  inquirer  to 
judge  in  most  cases  whether  he  is  looking  at  the  one  or  at  the  other;  but  as  it  is 
sometimes  very  difficult  to  determine  whether  a  rock  should  or  should  not  be  classed 
with  greenstone  or  wit'h  basalt,  it  «is  also  sometimes  difficult  to  distinguish  between 
these  two  minerals.-  In  general  the  species  hornblende  contains  less  lime  than 
angite,  and  is  also  less  fusible ;  but,  as  might  have  been  supposed  from  the  similarity 
of  their  elementary  constitution,  it  is  possible,  under  certain  conditions  of  heating 
and  cooling,  to  change  the  external  crystalline  form  of  the  one  into  that  of  the 
other, — ^a  fact  which  has  been  used  to  explain  the  difference  of  their  ordinary 
position. 

Oxidulated  Iron  or  Magnetic  Iran, — A  compound,  according  to  Berzelius,  of  2 
atoms  of  peroxide  and  1  atom  of  protoxide  of  iron.  It  is  highly  magnetic,  and  when 
massive,  more  so  than  any  other  ore  of  iron.  Colour,  iron-black ;  opaque ;  lustre, 
metallic.  It  forms  extensive  beds  in  Norway  and  Sweden :  at  Dannemora  the  beds 
are  excavated  to  the  day,  the  principal  mine  forming  a  chasm  of  one  hundred  and 
fifly  feet  broad,  and  five  hundred  feet  deep.  The  amorphous  masses  of  Siberia  and 
the  Hartz,  which  yield  the  most  powerful  natural  magnets,  may  be  associated  vrith 
this  species. 

Carbonate  of  Limei  and  also  Double  Carbonate  of  Lime  and  Magnesia. — The  pre- 
sence of  carbonic  add  can  always  be  determined  by  the  action  of  an  acid  and  the 
consequent  ebullition  produced  by  the  escape  of  the  carbonic  acid.  This  is  the  easiest 
and  most  certain  mctho<l  of  detecting  the  various  species  of  limestones. 

Sufyhate  of  Lime. — Distinguished  from  carbonate  by  not  effervescing  with  acids; 
and  from  other  minerals,  whether  in  its  fibrous  or  lamellar  state,  by  its  comparative 
softness. 

Of  salt,  coal,  and  lignite  it  is  unnecessary  to  say  more  under  this  head. 

We  have  now  passed  in  review  the  more  ordinary  geognostic  minerals,  and  are 
prepared  to  inquire  under  what  combinations  they  are  usually  presented  to  our 
observation. 

A  survey  of  any  extensive  portion  of  the  earth's  surface  will  generally  bring  before 
us  two  distinct  forms  of  mineral  matter ;  the  one,  in  which  the  mineral  constituents 
are  combined  together  in  distinct  crystals,  which  to  the  eye  exhibit  no  traces  of  any 
previous  wear,  and  produce  therefore  crystalline  or  subcrystalline  rocks ;  the  other, 
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in  which  Ihe  conititiMnta  have  undergone  wear,  are  either  mixed  together  eonfotedlf 
or  Mptnted  into  diitinet  beda,  but  whether  loosely  aggregated  or  cemented  together, 
betray  the  action  of  larioui  meteoric  and  mechanical  ageadei,  producing  roeki  eri- 
dently  of  depoiition,  whether  mechanical  or  chemical.  To  the  first  class  belong — 
granites,  syenites,  greenatoaes,  basalts,  gneiss,  many  varieties  of  mica-slate,  granular 
limestone.  To  the  second — sandslones,  conglomerates,  shales,  clay*,  compact  lime- 
stones ;  and  if  these  forms  were  always  so  mariied  as  in  Ihe  examples  cited,  the 
diTisions  would  be  sufficient  and  satisfactory;  but  it  is  imposdble  to  eiamine  the 
crystalline  roclu,  formerly  called  primary,  without  finding  in  some  of  them  a  condi- 
tion closely  approaching  to  the  sedimentary,  as,  lot  example.  In  the  mica  alate  din- 
Hou,  in  wliich  the  clay  alate  varieties  are  aometimes  Ultle  more  than  a  highly  indu- 
rated ahale ;  or  to  look  at  true  aedimentaiy  rock*  in  Ihe  vicinity  of  ancient  lavu 
without  observing  their  change  inio  a  condition  which  nearly  place*  them  in  •  crys- 
talline division :  for  example,  the  lias  ihales  of  Portnuh  in  Ireland  have  undopme 
this  change  to  such  an  eiteut,  that  they  were  at  one  time  considered  ■  portion  of  the 
baaaltic  field,  and  were  only  separated  from  it  when  the  presence  of  ammonites  of 
the  has  had  combined  with  their  evident  atrttiGcation  to  remoTe  them  to  their  proper 
place.  The  reault  of  auch  obiervationa  has  been  the  establishment  of  the  metamot- 
phic  theory,  which  will  be  again  referred  to  at  a  future  stage  of  our  subject. 

In  the  preceding  paragraph,  alluaion  has  been  made  to  the  occuncDce  of  ammonites 
in  the  indurated  or,  more  properly,  metamorphosed  thalea  of  the  lias  of  Portrush  in 
Ireland.  This  mixture  of  the  remains  of  o^aoic  bodies  with  ordinary  miueral  matter 
it  no  casual  fact ;  it  b«*  been  proved  to  occur  in  almost  every  poKion  of  the  ^obe, 
and  has  been  traced  through  so  extensive  a  aeries  of  atrala,  aa  to  have  necessarily 
connected  the  stud;  of  the  animal  and  vegetable  with  that  of  the  mineral  kingdom. 
Not  hu  thia  study  hecn  without  its  fruits,  aa  it  has  not  only  proved  that  the  geo- 
graphical tange  of  types  of  oi^anic  beings  still  existing  in  nature  has  varied  at  sbc- 
cessive  periods,  but  it  has  alto  brought  to  light  nen  types,  no  longer  existing,  which 
serve  to  prove  a  variation  of  the  conditions  of  the  earth's  aurface  at  aucoeadve 

U  now  we  comtnne  the  three  modea  of  atudying  the  earth'a  cruat,  we  ahall  find 
that  the  one  will  illustrate  the  other,  and  that  tt^ether  they  will  enable  us  to  fom  a 
reasonable  history  of  the  changes  it  has  undergone.  It  ia  not  however  the  aim  of 
a  such  researchea  to  go  back  to  final  cauiea,  aa  he  well  knows  that  a 
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cSated  wifh  the  eiTitalline,  that  they  could  not  with  any  reason  be  lepirtted  fimn 
each  other.  The  theory  of  Sir  J.  Hall,  applied  on  true  metamorphic  principles,  re- 
mores  the  difficulty.  The  accamulation,  through  a  vast  series  of  ages,  of  detritic 
matter,  proceeding  from  the  decomposition  and  wear  of  original  rocks,  may  ha?e 
entirely  concealed  those  rocks,  but  yet  that  accumulation  must  have  had  a  beginning, 
and  it  is  very  probable  a  beginning  anterior  to  the  creation  of  any  organic  beings ; 
and  if  so,  it  is  not  unreasonable  to  suppose  that  portions  of  crystalline  rocks,  formed 
by  the  gradual  cooling  of  a  once  fluid  mass,  may  haye  been  removed  by  the  wearing 
^^nts,  and  deposited  in  beds  below  the  primeval  ocean,  and  that  these  beds,  acted 
upon  under  the  pressure  of  the  superincumbent  fluid  by  the  great  remaining  heat  of 
the  earth's  mass,  should  exhibit  that  return  to  a  homogeneous  ciystalline  arrange- 
ment which  the  observation  of  a  vast  number  of  similar  facts  has  shown  to  occur 
when  sedimentary  beds  have  been  acted  on  by  ancient  or  modern  lavss.  The  meta- 
morphic theory  therefore  removes  Werner's  great  objection  to  the  application  of 
recent  analogies  in  explaining  the  condition  of  crystalline  rocks,  and  we  are  enabled 
to  state  that  crystalline  rocks  may  either  be  the  result  of  direct  igneous  action,  pro- 
ducing a  species  of  fluidity,  as  in  lavas,  and  probably  in  some  granites  and  porphyries ; 
or  of  the  indirect  action  of  heat  acting  for  a  long  period  and  under  pressure  on  sedi- 
mentary deposits,  and  tending  to  promote  or  facilitate  the  re-arrangement  of  the 
mineral  particles  into  a  crystaUine  or  semicrystalline  condition,  as  has  been  the  case 
in  the  crystalline  schists  and  in  some  other  strata  the  physical  condition  of  which 
has  been  altered,  although  the  existence  of  organic  bodies  still  demonstrates  their 
former  sedimentary  character.  It  is  by  the  careful  examination  of  recent  and  still 
recurring  natural  phenomena  that  these  truths  have  been  made  manifest ;  and  it  is 
by  the  continuance  of  such  examination  that  any  remaining  difficulties  must  be  re- 
moved in  their  application ;  as,  for  example,  it  may  be  suggested  that  in  the  great 
basaltic  deposit  of  Ireland  all  the  beds  are  probably  not  eruptive,  but,  on  the  con- 
trary, that  some  are  metamorphic,  just  in  the  same  manner  as  in  the  vicinity  of  mo- 
dem volcanoes, — of  Vesuvius,  for  example, — ^where  beds  of  tufa  and  of  ashes  are 
observed  covered  by  streams  of  lava.  The  change  produced  on  mineral  beds  by  con- 
tact with  highly  heated  matter  has  indeed  been  demonstrated,  almost  with  mathe- 
matical precision ;  and  though  it  is  very  difficult  to  decide  its  exact  limitation,  we 
can  never  satisfactorily  study  the  strata  of  the  earth  without  referring  to  it.  And  if 
the  metamorphic  theory  aids  us  in  explaining  the  varying  mineral  conditions  of  the 
earth's  crust,  the  organic  remains  still  visibly  imbedded  in  many  of  its  beds  demon- 
strate that  changes  equally  striking  have  taken  place  in  the  successive  organic  inha- 
bitants of  its  surface ;  in  short,  that  there  have  been  animal  and  vegetable  as  well  as 
mineral  epochs. 

The  beautiful  combination  of  fiicts  on  which  Palseontology  now  rests,  as  one  of  the 
most  sure  bases  of  geological  science,  can  only  be  fully  appreciated  by  careful  study ; 
but  in  this  brief  memoir  it  must  be  assumed  to  have  been  studied,  and  this  result 
arrived  at,  namely,  that  at  those  various  epochs  of  change  on  the  surface  of  our  globe, 
when  the  mineral  strata  were  affected  deeply  and  widely,  shales  and  slates,  sandstones 
and  conglomerates,  limestones,  &c.,  being  formed,  some  in  one  place,  some  in  another, 
great  modifications  also  took  place  in  organic  beings.  If  this  conclusion  be  true,  and 
it  rests  on  facts  observed  over  a  large  portion  of  the  earth,  it  must  be  admitted  that 
the  evidence  of  the  epochs  of  mineral  change  ought  to  coincide  vnth  that  of  the 
epochs  of  organic  change,  and  hence  that  the  study  of  the  one  may  be  made  to 
assist  that  of  the  other :  a  remarkable  deduction,  which  has  in  a  few  years  elevated 
Geology  almost  to  the  rank  of  an  exact  science,  and  when  combined  with  the  results 
of  a  more  extended  study  of  the  operations  of  all  the  great  forces  which  are  acting 
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ud  (Iwift  hut  acted  on  the  eutb't  itnU,  indodiiig  mignetiim  or  electro- 
BugKtitm,  will  render  it  u  pnclicillf  exact,  that  not  ontj  may  th«  protMbOitj 
(under  anj  oanditkiDt  of  itrata)  of  diieovering  certain  nicfnl  i»x>diicta  be  at  odec 
preiDiMd,  bat  the  more  abttnut  and  obscure  qaeitiani  of  mineia]  *eini  and  of  the 
dUtribntton  of  metali  be  alio  wlTed  on  lODnd  prindplea. 

On  the  combined  tertimon;  of  all  th«e  facta,  it  ma;  then  be  tnoined,  that  aa 
mineral  matter  in  folonoet  ii  now  brought  into  a  itale  of  icDiiflniditj  anffident  to 
alio*  the  CTTitalliiation  of  minerals,  to  loa;  it  at  (oimer  epochi  have  nnda^De  a 
dmilar  fonon,  and  hence  that  there  ia  a  >«Mon  nhy  tnJ;  jgneona  rocki  maji  at  lucb 
epoch!  hare  eiiitcd,  and  have  been  brought. nearer  to  the  inrface.  or  even  erupted ; 
that,  in  a  nmilar  manner,  the  clianges  produced  by  alov  igneoot  actioa  under  great 
prennre  have  been  obaerved  in  strata  contignooi  to  modern  and  ancient  lava*,  and 
comeqnenttr  maj  be  fair];  admitted  to  have  occnrred  in  strata  contiguous  to  other 
igneoni  rockli  giving  rise  to  schistoie  crrstalline  rocks  in  all  their  varietiti,  and  more 
or  lesi  modifying  the  structare  of  many  other  sedimentary  deposits;  and  Gptlly, 
that  changes  in  the  combinations  of  organic  beinga,  having  been  by  eitensive  obter- 
ntions  proved  to  have  occurred  at  succeuive  epochs,  a  knowledge  of  the  particular 
group  of  animals  or  plants  connected  with  the  mineral  strata  of  any  one  portion  of 
the  globe,  becomes  a  clae  to  determine  the  relation  of  such  strata  with  those  of  any 
other  portion  in  which  the  organic  constituents  have  been  previously  studied.  The 
certainty  thoa  attained  conititntea  the  value  of  Geology  as  a  practical  science ;  and 
tbOQgh  there  is  much  yet  to  do,  in  order  to  simplify  the  lists  at  characteristic  foinls 
by  determioing  the  actual  limits  of  species  and  distinguishing  them  from  casual 
vaiieties,  it  must  be  admitted  that  lome  of  the  modern  applications  of  the  science 
bavf  been  moat  striking.  A  general  repretentation  of  the  combined  theories  of 
igneena  rocki,  metamorphic  rocks,  and  fouilifeious  deposits,  is  given  in  the  ideal 
diagrams,  the  fint  of  which  I  extract  from  Colta  (Plate  1.  fig.  1),  and  %.  2  from  the 
Transactions  of  the  Geological  Society  of  France. 

The  preceding  remarks  trill  account  for  the  great  change  which  has  taken  place 
in  the  opinion*  of  geologists  as  to  the  true  character  and  relation  of  the  rocks  once 
called  prinury,  and  will  explain  the  difficnlty  of  forming  any  simpie  natural  arrange- 
ment of  rocks  which  cannot  by  fossils  be  associated  togelber  in  an  historical  series. 
The  presence  of  granite  veins  in  the  adjacent  schists,  the  frequent  disturbance  of  the 
schists  at  or  near  the  points  of  contact,  and  the  change  of  structure  so  often  mani- 
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BlementBiy  Subttance. 


SUict 

Alumina  .... 
Potash  .... 
Magnesia.    .    .    . 

Lime 

Oxide  of  iron  .  . 
Oxide  of  manganese 
Flaoric  add  .    .    . 


Water. 


{ 


ill: 


~e,«  e. 


74-84 
12-80 
7-48 
0-99 
0-37 
1-93 
012 
0-21 
Not 
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00 

0-5 

0-4 

00 

00 

Not 
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4J 

T  O, 


..r-8 

S  3-5  o 


69-91 
1037 
4-55 
4-86 
626 
2-69 
007 
0-65 
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48-81 
12-58 
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8-81 
25-64 


} 


tf 


If 


1-27 


51*49 
13-59 
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10-20 
18-47 

»» 

»» 

1-24 


^5  . 


52-45 
1201 

3-82 

772 
17-92 

»» 
»» 

608 


**  Between  rocks  closely  resembling  clay  slates  with  laminar  structure  and  shining 
appearance,  and  rocks  by  external  appearance  associated  with  greenstones,  there 
would  appear  to  be  little  affinity ;  and  yet  the  composition,  as  regards  the  principal 
constituents,  is,  as  may  be  seen,  by  no  means  so  various  as  might  have  been  supposed ; 
the  silica,  the  alumina,  the  iron,  and  the  lime,  not  differing  more  than  is  often  found 
to  be  the  case  in  varieties  of  the  same  mineraL  A  very  small  alteration  or  addition 
of  substance  is  therefore  sufficient  to  pUce  a  rock  in  such  a  condition  as  may  lead  to 
a  most  important  ultimate  change;  and  viewed  in  this  light,  the  varieties  observable 
in  extensive  schist  districts  possess  a  very  high  geological  interest." 

This  simplicity  of  composition  of  the  crystalline  schists  approximates  them  to  de- 
posits of  sedimentary  matter  still  comparatively  unchanged ;  and  as  the  decomposi- 
tion of  the  crystalline  rocks  must  constantly  lead  to  the  formation  of  new  beds  of 
sand  and  of  mud,  so  also  at  any  time  may  the  resumption  of  the  forces  which  have 
modified  the  ancient  beds,  and  reduced  them  to  a  crystalline  condition,  produce  a 
similar  result  in  the  recent  beds.  The  term  primary  cannot  therefore  be  adopted  in 
its  original  sense,  as  crystalline  rocks,  both  stratified  and  unstratified,  may  be  looked 
for  in  the  formations  of  all  ages.  It  is  not,  however,  to  be  supposed  that  though  the 
peculiar  modification  of  rocks  called  metamorphic  is  now  generally  admitted,  the 
mode  in  which  it  has  been  effected  is  equally  assented  to :  on  the  contrary,  there  arc 
several  theories  of  metamorphosis,  each  of  which  has  its  supporters.  In  our  own 
country,  the  long-continued  action  of  highly  heated  masses  acting  under  pressure, 
which  may  be  considered  the  full  development  of  Hutton's  original  idea,  has  been 
adopted  as  the  theoretical  explanation  of  the  phenomena  of  crystalline  schists,  and 
the  peculiar  term  *  hjrpogene '  has  been  proposed  by  Lyell  to  express  the  conditions 
of  metamorphism.  In  Norway,  Keilhau  has  promulgated  a  totally  different  theory, 
and  supported  it  by  numerous  facts,  the  result  of  a  careful  examination  of  the  crystal- 
line rocks  of  Sweden  and  Norway.  In  his  opinion,  the  metamorphism  of  rocks  is 
independent  of  any  igneous  action,  and  is  the  result  of  a  peculiar  action,  analogous 
to  the  galvanic,  taking  place  at  the  line  of  contact  between  different  rocks  or  strata ; 
and  though  the  proximate  cause  of  such  an  action  cannot  be  demonstrated  by  a  direct 
reference  to  chemical  experiments,  a  similar  objection  may  be  urged  against  the 
hypogene  igneous  theory,  the  alterations  of  change  through  an  endless  variety  of 
species,  visible  in  every  great  schistose  formation,  not  having  been  explained  by  direct 
experiments,  and  seeming  sometimes  contrary  to  them,  as  some  of  the  most  altered 
are  separated  from  the  supposed  focus  of  change  by  others  far  less  altered. 

But  though  the  theory  of  change,  as  deduced  from  facts,  must  as  yet  be  considered 
uncertain,  the  facts  themselves,  as  detailed  by  Keilhau,  arc  peculiarly  instructive  and 
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iiit«i«tUDg.  (See  Plale  tl.  figt.  i,  5.)  Tig.  i  repretenU  ■  gianite  rein  in  the  rock 
celled  locBUy '  Norite,'  ■  miitare  of  feUpai,  quirtz,  hornbleade,  h;rper«lbene,  uid  tanie 
mica,  htnng  ■  rudely  parallel  uraDgenieDt.  Tig.  4,  hornblendic  layen  in  mica  ichiit, 
Island  of  llUgOe.  Wilhoat,  therefore,  aaaerting  that  the  theory  itielf  of  change  i* 
ert*blished,  the  erytlalline  rocks  may  be  temporarily  anviged  in  series,  according  •• 
the  chaoge  appeara  to  tend  towards  some  final  reaulting  rock ;  for  eiample,  in  the 
crystalline  schists  towards  either  granite  or  tyenile,  as  hy  soch  an  arrangement  the 
naoal  order  of  facta  will  be  equally  well  repreieiited,  whateTer  view  may  be  taken  of 
thdr  cause. 


«^» 

CrriuDlnr  ll«cki. 

Granite     .    .    . 

Quartz.  fel>[>ar,  mica. 

Gneiss. 
Mica  tcliist. 
Clay  sUle. 

quart!,  felspar,  mica- 
Quartz  and  mica. 
Crystals   become   so    small 
Ibal    the    mass    appean 

glistening. 

Pegmatltedrraphic 

granite)      .     . 

Quartz,  felspar. 

Quartz,  felspar,  laic. 

Talc  gneiss. 
Talc  sblto. 

Quartz,  felspar,  talc 
Quartz  and  tile. 

Syenite     .    .    . 

Syenite  schist. 

(JuHrtz,  felspar,  hornblende. 

Grceaslone    .    . 

Greenstone  schist, 
llumbkndc  scliitt. 

felspar,  hornblende. 
Princii>Blly  Ijornblende. 

llyiiemliene  anri 

Felspar,  hypcnihEne,  or  fel- 

Hjpcrslhene schist. 

Felspar,  liypersllieHC. 

Diallage  rocks 

spar,     diallape:    hypcr- 
■ibene,  anhydrous  bistli- 
cate    of   DiagnoiB,    and 
iron  J    diallage,  hydratcd 

Felspar  and  diallage  cdd- 

uid  hyperrthene,    bype- 

Porphyry  .    .     . 

Granilea,  syeaites,  and  other 

llomstone  porphyry. 

These  and  many  other  rocks, 

massive  rocks,  exiiibit  fre- 

Felspar porphyry. 

including     the     fanous 

quently     a     porpliyritio 

Clay  porphyry. 

structure,  that  is,  by  the 

occasionally  the  porphy- 

^^M 
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Maanre  Cryttalline  Rocki. 


Melapbyr,  or  va- 
pie  porphyry . 


Tnchyte,  or  trap 
porphyry    . 


Andetite   •    .    . 


Domite     .    .    . 
LiTt,  modem 


Leudte  (Am- 


Felspar,  augite.  Rendered 
porphyritic  by  isolated 
crystal!  of  both  felspar 
and  augite. 

Felspar  base,  with  crystals 
of  glassy  felspar ;  the  an- 
cient lava  of  Au?ergne 
and  of  the  Rhine. 

So  called  from  the  Andes. 
The  trachytes  occur  also 
in  the  basaltic  district  of 
Ireland,  so  that  these  two 
forms  of  lava  are  asso- 
ciated together  just  as 
the  most  recent  lavas  and 
basalt  are. 

More  earthy  trachyte. 

Including  basalts  similar  to 
those  of  more  ancient 
Yolcanoes. 

Leucite  and  augite — the 
former  prevailing ;  this 
mixture  being  also  ren- 
dered porphyritic  by  iso- 
lated crystals  of  augite 
and  glassy  felspar. 


Stratified  CiTttalline  Rocks,  and  more  simple  Strata 
coaneeted  with  tlism. 


This  rock  also  indicates  in 
part  an  original  schistose 
arrangement. 

As  yet  I  am  not  aware  of 
any  detailed  account  of 
truly  metamorphic  rocks 
connected  with  these. 


Leudte,  or  amphig^e,  it  a 
bisilicate  of  alumina  and 
potash. 


In  conclusion,  as  regards  these  rocks,  it  may  be  stated  that  difference  of  age,  even 
in  the  granites,  can  be  distinctly  determined  in  many  cases  by  the  rocks  which  they 
have  either  upheaved  or  broken  through :  for  example,  the  protogyn,  or  talc  granite 
of  the  Alps,  has  lifted  up  strata  of  the  tertiary  epoch,  so  that  its  last  movement  of 
elevation  must  be  considered  even  more  recent  than  the  rocks  of  that  comparatively 
late  date.  The  granite  of  Cornwall  has  affected  the  killas  (a  slate  of  that  district), 
and  is  therefore  subsequent  in  age  to  the  Silurian,  in  which  epoch  it  is  now  probable 
this  slate  may  be  classed.  The  syenites  also  of  the  North  of  Ireland  are,  from  simi- 
lar  reasons,  posterior  to  the  Silurian  series ;  and,  tracing  their  action  in  the  forma- 
tion of  porphyritic  beds  in  the  old  red  sandstone,  subsequent  also  to  that  formation. 
The  granites  of  Wicklow  were  probably  associated  with  older  rocks,  as  also  those  of 
Down  and  Cavan ;  whilst  a  portion  of  the  basalts  of  Ireland  are,  frt)m  similar  rea- 
sons, more  recent  than  the  chalk. 

But  in  addition  to  this  stratigraphical  mode  of  determining  their  age,  Leonhard 
endeavours  to  draw  a  distinction  between  old  and  new  granites  frt)m  certain  peculiar 
minerals  they  respectively  contain ;  the  tourmaline,  for  example,  which  he  considers 
a  characteristic  mineral  of  modem  granites,  and  the  garnet.  If  this  mode  of  com- 
parison should  be  proved  correct  by  more  extended  observation,  the  mica  schist  of 
Antrim,  which  is  so  closely  connected  vrith  the  basaltic  rocks  of  that  county,  may 
really  be  metamorphic  of  the  secondary  epoch  or  of  an  age  not  much  prior  to  the 
chalk.  The  recent  observations  of  Sir  R.  Murchison,  tending  to  show  that  the  dii%c- 
tion  in  which  mountain  chains  have  been  raised  has  a  relation  to  the  minerals  and 
ores  developed  in  their  mineral  veins  or  lodes,  have  also  an  important  bearing  on  this 
subject,  and  may  hereafter  assist  in  clearing  away  the  difficulties  which  yet  obteore 
the  history  of  crystalline  rocks. 
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Before  proceeding  (o  Ihecoiuideration  of  formaiions,  the  relative  order  of  which 
ecu  onlj  be  determined  bv  the  itudv  of  thi>  nalural  hiitocy  of  eacli,  that  is,  by  the 
(buili  cantaiiied  or  buried  in  the  ancceuiTe  Btnta,  it  'a  ileairahie  to  notice  Ihoie  phe- 
nomena, or  accident!  of  itrati,  the  slud;  of  which  hu  miterially  aided  in  first  eata- 
bliihing  the  fact  of  their  ancceuion,  and  which  mutt  itill  be  clrefuUjr  ttudied  in  all 
doubtful  CMC)  of  poiiti9n. 


Han;  rodu  eihiUt  a  lamellu-  arrangement  throughout  their  miaa,  vrhicb  indued 
a  tehiitoae  or  aUty  atructurc,  sometimes  related  to  the  planes  of  aupposed  deposition, 
aometimea  to  planea  intersecting  those  of  depoailion,  aud  called  cleavage.  In  the 
Grtt  ctM,  the  structure  msj  be  connected  with  original  deposition ;  in  the  second,  it 
may  be  doe  to  a  subsequent  physical  modification.  In  all  cases  where  rocks  are 
observed  to  consist  of  diitiDcl  layen,  lying  one  over  the  other,  and  each  having  a 
considenble  extension,  they  are  said  to  be  stratified.  If  stratiRcation  had  been 
found  uniform  in  all  places,  it  might  have  been  assumed  that  deposition  had  gone  on 
regularly  and  without  dialurbance;  but  as  stratification  ii  often  very  irregular,  both 
■a  regards  the  thickness  of  the  beds  and  their  position  and  direction,  it  must  be 
admitted  that  tome  cause  bas  interfered  to  disturb  and  modify  deposition.  Again, 
when  to  a  succeiuian  of  beds  having  a  considerable  inclination,  called  dip.  to  ilie 
horizon,  succeed  other  beds,  perfectly  or  nearly  horizontal,  it  may  be  reasonably  con- 
eluded  that  tlie  Grit  beds  must  have  acquired  their  tilted-up  arrangement  before  the 
depoaitton  of  the  undisturbed  horizontal  beds,  an  epoch  of  disturbance  or  separation 
being  thus  ealahlisbcd.  The  terms  conformable  and  unconformable  are  applied  to 
strata  which  dthei  preaene  or  which  lose  their  pi 


GEOGNOSY  AND   GEOLOGY. 


107 


Fig.  2. 


In  fig.  2,  the  portion  x  may  be  found  either  to  oyerlie  or  to  underlie  the  stntified 
beds  when  sufficiently  opened  to  show  the  connection. 


Fig.  3. 


In  fig.  3,  though  x  overlies  the  stratified  beds,  it  may  be  found  either  conformable 
or  unconformable  to  them. 


Rg.4. 


In  fig.  4,  x  may  either  underlie  or  overlie  the  stratified  beds. 
X  has  in  these  cases  been  represented  as  itself  unstratified ;  it  may,  however,  be 
also  stratified,  and  then  the  following  example  will  show  the  possible  results. 


In  (U  of  which,  x  it  uncanfonotble  to  S,  excepting  Ib  the  fourth,  wliere  it  U  con- 
fbrmaMe  to  3,  illbough  pouibl;  of  ■  difFerent  mineral  chtncter. 

It  will  be  obMrred  fiom  these  eiamplea  how  mucli  caution  ii  Teqoired  in  deter- 
niniag  the  exact  condicioni  of  itratifiotion,  tuid  in  not  too  hutilj'  deciding  that  a 
rock  is  older  or  f  ounger  than  another  from  it)  igipareai  potition ;  and  further  this  ia 
ahown  more  diitinctly  in 
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fied  sarAce,  or  to  gentle  moTements  of  the  nndeilTing  mut  prior  to  the  eomolidatioii 
of  the  OTerlying  strata.  The  crest  or  ridge-line  transverse  at  its  highest  point  to  eadi 
bend,  as  here  shown  in  section,  forms  an  anticlinal  ridge  either  in  the  direction  of 
the  line  of  strike,  or  nearly  so ;  and  a  line  carried  in  a  similar  direction  along  the 
hollow  between  two  bends  is  the  synclinal  line. 


FLEXURES   AND  CONTORTIONS  OF  STRATA. 

The  case  of  gentle  nndalations  above  noted  is  simple,  but  the  flexures  and  contor- 
tions of  strata  are  often  exhibited  on  a  grand  scale,  and  with  appearances  of  the  most 
striking  kind.    See  Plate  II.  figs.  7,  8 ;  Plate  III.  fig.  16. 

To  illustrate  such  flexures  and  contortions  of  strata,  an  experiment  was  made  by 
Sir  James  Hall.  Several  layers  of  clay  were  placed  under  a  weight,  and  their  opposite 
ends  having  been  pressed  by  considerable  force  more  closely  together,  it  was  found 
on  the  removal  of  the  wdght  that  the  layers  were  curved  and  folded  so  as  to  resemble, 
in  miniature,  the  natural  strata.  Other  similar  illustrations  have  been  proposed,  the 
materials  acted  upon  in  all  of  them  being  supposed  flexible ;  the  crystalline  schists, 
however,  in  which  contortions  are  so  frequent,  are  of  such  great  hardness  that  they 
could  not  have  been  forced  into  such  forms  without  baring  been  shattered,  or  atleut 
cracked  at  the  bends.  That  such  internal  movements  have  often  taken  place,  even 
in  highly  indurated  strata,  cannot  be  doubted ;  and  that  one  bed  has  sometimes  been 
forced  over  another  and  the  surfaces  of  both  broken  up  and  fonned  into  a  breccia, 
seems  erident  from  the  brecciated  structure  of  some  strata ;  but  in  the  present 
case  it  is  more  probable  that  these  now  highly  indurated  and  crystalline  strata  were,  at 
one  period,  soft  and  pliable.  This  statement  may  be  illustrated  not  merely  by  ex- 
amples drawn  from  the  more  ancient  gneiss,  mica  slate,  etc.,  but  also  frt>m  the  con- 
tortions in  rocks  of  which  the  sedimentary  character  cannot  be  doubted,  although 
they  have  subsequently  assumed  a  high  state  of  induration. 

In  the  Carpathian  chain,  the  metamorphic  rocks,  including  gneiss,  mica  schist,  talc 
schist,  clay  slate,  associated  with  syenite  and  porphyry,  are  succeeded  by  an  extensive 
formation  of  sandstone.  Intercalated  with  this  rock,  in  several  places,  are  beds  of 
limestone,  which,  from  their  fossils  (ammonites,  etc.),  have  been  allotted  either  to 
the  green-sand,  the  whole  formation  therefore  belonging  to  the  cretaceous  system,  or 
to  a  connecting  link  between  the  oolite  and  the  chalk.  In  either  case  it  is  a  formation 
comparatively  recent,  and  as  it  comprises  clays  and  limestones  with  the  sandstone,  it 
is  very  favourable  for  studying  the  mechanical  effects  of  pressure,  as  well  as  those  of 
metamorphism.  For  example,  it  is  stated  that  the  schistose  clays  have  in  some  places 
become  silicious  slates,  with  occasional  veins  of  cinnabar,  the  marls  have  been  con- 
verted into  jasperoid  rocks,  and  the  sandstones  either  into  quartz  rock  or  into  highly 
quartzose  grit  full  of  pyrites,  whilst  the  mechanical  changes  during  this  metamorphic 
action  have  been  equally  striking,  as  exhibited  in  Plate  II.  figs.  7,  8.  The  first  ex- 
ample is  from  a  locality  where  the  Carpathian  sandstone,  there  associated  with  thin 
beds  of  limestone,  exhibits  the  singular  flexures  represented ;  the  second,  from  one 
where  the  sandstone  is  beautifully  contorted ;  and  many  similar  examples  might  be 
cited  from  the  memoir  of  the  late  M.  Lill,  on  the  Carpathian  Mountains  (*  M^moires 
de  la  Society  G^logique  de  la  France,'  tom.  i.). 

To  these  I  have  added  (Plate  II.  fig.  9)  an  example  frt)m  the  marls  of  the  new  red 
sandstone  of  the  county  of  Derry,  in  which  the  alternating  beds  of  hard  calcareous 
grit  exhibit  some  very  curious  contortions ;  and  another  (Plate  II.  fig.  10)  from  Lyell, 
taken  from  tertiary  beds  in  Sicily,  where  thin  beds  of  solid  gypsum  are  interstratified 
with  bent  and  undulating  gypseous  marls,  the  solid  beds  having  been  broken  into  de- 
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Uched  fngmenti,  still  preterring  tbeir  Bhirp  edges,  nfaHe  tbe  conlinuEty  of  the  more 
pli4blc  and  ductile  marb  hM  not  been  iutemipted. 

In  endeaTouring  lo  explain  inch  phenomena,  it  is  desirahle  not  to  lay  too  great  a 
ttress  on  any  one  caaie  of  changt  to  the  eicluslon  of  othen  :  there  can,  for  instance, 
be  no  douht  that  many  minor  eoalartions,  and  some  fleiures  in  strata,  may  have  been 
the  result  of  original  deposition  on  hanks  and  amidat  the  eddies  of  correnta  ;  hut  ne 
cannot  atcribe  such  flciuret  as  those  described  by  Lyell,  nho  states  that  "  curres 
of  calcoreoua  shale  ore  seen  from  1000  to  1500  feet  in  height,  in  nbich  the  beds  some- 
times plunge  down  Tertically  for  a  depth  of  1000  feet  and  more,  before  they  Iwud 
round  again,"  to  such  a  cause,  and  must  took  upon  them  as  striking  eridence* 
of  disturbance.  In  respect  to  the  Caqtathians,  M.  BouS  stales  that  the  mountains  of 
Hungary  and  TransyWania  indicate  upbeaving,  accompanied  by  fractures  in  fouj  di- 
rections, nz.  from  S.W.  toN.E.,&Dm  N.W.  to  S.E.,frDm  W.S.W.  toE.».E.,  from 
S.  S.  W.  to  N.  N.  E.,  and  fractures  vilhout  upheavjnga,  or  faults,  generally  from  N. 
toS.or&om  E.  toW.  Of  these  directions,  the  first  two,  S.W,  toN.E.  and  N.W. 
to  8.  B.,  are  eommoo  to  the  crystalline  schist*  and  to  the  secondary  rocks,  ahowing 
that  morements  had  taken  place  affecting  hotb  these  claaies  of  rocks ;  whereat  the 
directions  from  V.  S.  V/.  to  E.  N.  E.,  and  from  S.  S.  W.  to  N.  N.  E.,  affect  the  schists 
alone,  and  were  therefore  antecedent  to  the  formation  of  the  overlying  secondary 
rocks  of  the  country.  A  similar  result  may  he  obserred  in  the  mica  schist  district  of 
theNorthof  Ireland,  where  tbe  prevailin^strike  of  the  schistose  strata  is  from  W.S.W. 
to  E.N.E.,  whilst  tbe  secondary  sandstones  rest  undisturbed  upon  their  edges.  (See 
Plate  llI.Ggs.  11,12,  IS.)  M.  Boue  also  obterrei,  that  in  the  Carpathians,  from  the 
absence  of  the  lower  secondary  strata,  the  actual  age  of  the  crystalline  schists  cannot 
be  determined,  though  they  are  manifestly  older  than  a  portion  of  the  lecoodAries ; 
the  epoch  of  disturbance  being  probably  anterior  Ui  the  ooUtic  period,  if  not  to  that 
of  the  new  red  sandstone,  and  the  chains  of  Westeni  llaogary,  the  prolongation  only 
of  the  Alps  and  the  Jura,  or  oolitic  strata,  as  well  as  of  a  portion  of  the  red  Mudttone, 
which  overlie  uncooformahly  the  more  ancient  Alpine  strata. 

The  upheaving  in  a  direction  from  S.  E.  to  N.  W.,  and  in  that  bom  S.  W.  to  N.  E., 
has  given  rise  to  numerous  contortion!  in  the  Carpathian  sirata,  eitending  even  to 
the  beds  of  molasse  deposited  at  their  base  ;  so  that  this  movement  or  disturbance 
mnat  be  at  least  posterior  to  the  tertiary  strata,  of  which  that  deposit  ii  a  part.  In 
a  similar  manner  M.  Bon^  traces  tbe  probable  gtologicat  dates  of  the  other  lines  of 
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but  more  fireqnently  interrupted,  tt  they  pass  through,  or  intersect,  the  planes  of 
stratification ;  and  a  little  attention  to  this  distinction  will  often  enable  the  obserrer 
to  decide  which  is  a  plane  of  stratification,  and  which  is  one  of  cleavage. 

A  smaller  description  of  cleavage,  which  has  probably  resulted  from  the  arrange- 
ment of  minute  plates  of  mica  in  definite  planes,  during  the  deposition  of  strata,  as 
suggested  by  Mr.  Sorby,  is  very  remarkable  in  slates,  which  arc  frequently  fissile  in 
directions  not  parallel  but  transverse  to  the  stratification  ;  but  it  may  also  be  observed 
in  sandstones,  and  also  in  the  more  recent  detritic  (diluvial)  deposits.  See  for  the 
first,  Plate  III.  fig.  13 ;  and  Plate  III.  fig.  14  for  the  other  cases.  The  very  excellent 
observations  of  Mr.  Sharpe,  who  has  followed  out  the  researches  of  Sedgwick, 
Phillips,  and  Darwin,  on  the  efiTects  produced  on  fossils  by  the  expansion  or  disturb- 
ance of  the  strata,  and  their  relation  to  the  planes  of  cleavage,,  prove  the  general 
connection  of  cleavage  with  the  great  elevating  forces  ;  and  Professor  Tyndale  has 
shown  by  experiment,  that  pressure  of  any  kind  produces  on  the  material  masses  to 
which  it  is  applied,  a  tendency  to  cleave  in  a  direction  perpendicular  to  that  pressure, 
so  that  the  cleavage  planes  become  an  evidence  of  the  direction  of  the  disturbing 
force  which  has  produced  them. 

Foliation, — The  splitting  or  scaling  of  a  rock  in  thin  irregular  laminse  may  be 
due  either  to  stratification  or  to  cleavage ;  and  the  term  therefore  ought  to  be  used 
mineralogically  rather  than  geologically. 

Jointt. — Joints  are  the  cracks  which  are  produced  by  the  gradual  contraction  in  a 
mass  during  consolidation. 

DENUDATION   AND    WEAK. 

The  term  denudation,  though  strictly  meaning  the  act  of  laying  bare,  is  geologi- 
cally applied  to  the  result  of  that  operation ;  so  that  a  valley  is  said  to  be  a  valley  of 
denudation  when  it  has  been  produced  by  the  removal  of  a  large  mass  of  superin* 
combent  strata,  and  the  consequent  denudation  of  the  underlying  rock.  Though  in 
reality  this  is  only  one  form  of  the  general  problem  of  wear,  it  deserves  especial 
attention,  as  proving  the  vast  oi)erations  of  the  most  simple  natural  causes,  and  to 
connect  together  their  workings  at  the  most  distant  epochs.  If  it  were  asked  what 
has  been  the  amount  of  denudation,  the  reply  should  be,  with  Lyell,  that  it  may  be 
measured  by  the  whole  mass  of  our  stratified  deposits,  as  they  have  all  been  detached 
and  removed  from  their  primeval  positions.  If  the  question  were,  "  At  what  time 
did  it  commence,  and  how  often  has  it  been  repeated?" — that  its  commencement 
roust  at  least  have  been  anterior  to  the  deposition  of  the  crystalline  schists  of  the 
earliest  epoch,  and  that  it  has  been  repeated  during  every  successive  epoch  of  the 
earth's  history.  Such  considerations  as  these  will  enable  the  observer  to  form  a  just 
estimate  of  the  magnitude  of  the  phenomena  before  him,  and  warn  him  not  to  deny 
their  possibility  because  unable  to  realize  the  forces  which  produced  them.  In  no 
other  science  indeed  is  the  power  of  philosophic  generalization  so  important  as  in 
Geology,  where  the  observer  is  constantly  called  upon  to  admit  in  his  mind  the 
working  of  some  very  simple  cause  with  some  grand  result,  which  at  first  sight  may 
have  appeared  quite  unconnected  with  it. 

In  considering  the  denudation  or  wear  of  the  crystalline  schists,  we  meet  the  solu- 
tion of  a  difficulty  which  led  even  Playfair  into  error.  That  profound  philosopher,  in 
discussing  the  probable  thickness  of  the  known  portion  of  the  earth's  crust,  assumed 
the  apparent  succession  of  outcropping  strata  as  a  sufficient  indication  of  it.  For 
example,  in  a  mica  schist  district  an  unbroken  series  of  strata  may  be  traced,  dipping 
at  an  angle  of  30°  or  35°  for  probably  50  or  60  miles ;  and  if  it  were  assumed,  as 
by  Playfair,  that  all  these  beds  were  originally  deposited  one  upon  the  other  in  a 
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horiMnUI  podtion,  ind  sntaequeDlly  elevited  by  a  duturbing  force,  we  ihould  be 
kble  to  deduce  from  them  a  very  ccniidenble  thickneM.    In  No.  8  we  tuppoie  ■ 


(cction  of  the  itntt  Tuible  for  30  miles,  in  which  the  dip  is  30°;  and  if  they  had 
been  originally  horizontal,  the  total  tbidineit  would  he  30  sin.  30°,  or  15  mit«, 
and  consequently  the  edge  of  each  atrttam  mugt  have  been  rused  that  height  aboie 
the  horiiontal  plane.  Had  the  dip  beea  45°,  a  Tery  uiual  one  in  the  ciyitalline 
■chiata,  the  thickneaa  would  have  beea  21  miles,  and  the  rise  of  the  ilratum  edge  the 
tame.  That  the  dip  of  atrata  is  often  partly  due  to  original  depasition  on  banks  is 
nndonbted,  but  there  can  also  be  little  doubt  that  in  tbii  description  of  strata  it  is 
principally  doe  to  subsequent  disturbance,  which  is  strongly  supported  by  the  fre- 
quency of  contorted  strata  in  all  districts  of  giieiai  or  mica  ichiit.  WhoeTcr  hai 
carefully  examined  inch  districts,  must  have  been  struck  by  the  repeated  alternations 
of  certwn  sets  of  strata,  such  as  quartz  slate,  thick  beds  of  quartz  with  micaceous 
Specks,  granitifoim  gneiss,  mica  schist  passing  into  gneiss,  mica  schist  passing  into 
clay  slate,  layers  and  beds  of  granular  limestone,  &c,;  which,  if  all  considered  inde- 
pendent beds,  would  imply  an  extraordinary  amount  of  deposition,  and  a  multitnde 
of  Tariations  in  the  forces  producing  it,  without  any  great  disturbance,  followed  by 
the  exhibition  of  some  great  and  controlling  force  capable  of  modi^ng  the  whole 
mass  through  a  thickness  of  30  miles,  disturbing  and  elevating  it  at  the  some  time ; 
whereas  the  application  of  the  theory  of  lateral  pressure,  which  corresponds  to  the 
undulating  moiemeut  of  the  earthquake,  explains  the  phenomenon  in  a  more  aimple 
way,  as  it  represents  these  alternations  to  be  the  foldingi  of  the  strata  in  contortions, 
many  of  which  are  still  visible,  whilst  others  hate  been  truncated  by  denudation,  in 
the  maDner  shown  in  No.  9,  the  surface  basing  been  fiirtber  modified,  by  snbteqxent 
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Geol.  torn,  iy.),  is  given  in  Plate  III.  fig.  15,  in  which  undulating  beds,  rich  in  iron 
ore,  are  seen  to  dip  into  the  hollows  previously  worn  in  a  portion  of  the  oolitic  strata, 
the  dips  in  the  iron  beds  having  been  subsequently  filled  with  ferruginous  sand.  The 
whole  of  these  beds  are  supposed  by  M.  Comuel  to  be  anterior  to  the  chalk,  and 
they  aflford  a  very  interesting  example  of  denudation  at  that  epoch.  The  form  of 
undulating  beds  seems  also  to  have  prevailed  during  the  carboniferous  period,  and 
the  dipping  strata  have  sometimes  been  so  perfectly  truncated  by  denudation,  as  to 
exhibit  on  the  surface  of  the  soil  a  horizontal  plane.  In  the  shales  also  of  this  for- 
mation occur  examples  of  wear,  prior  to  the  deposition  of  the  overlying  beds,  so 
striking,  as  almost  to  point  out  the  direction  of  the  denuding  currents. 

In  Plate  III.  fig.  16  is  a  portion  of  a  section  by  Dr.  Lusser,  of  the  Alps,  from 
St.  Gothard  to  Asti  on  the  Zugersee,  in  which  the  author  marks  out  by  dotted  lines 
the  supposed  original  continuity  of  the  strata,  the  contortions  of  which  are  exhibited 
on  a  magnificent  scale.  These  strata,  although  greatly  changed  by  metaniorphic 
action,  are,  in  the  author's  opinion,  continuous  with  those  containing  nummulites, 
and  therefore  not  older  than  the  upper  secondary  or  lower  tertiary :  they  are,  as 
osual,  in  immediate  connection  with  the  crystalline  schists,  especially  with  gneiss. 
In  Plate  III.  fig.  17,  an  example  is  given  of  the  deep  denudation  of  the  ordinary 
stratified  deposits  by  currents  or  streams,  unaccompanied  by  any  great  movement  of 
disturbance.  In  Plate  III.  fig.  18,  mica  schist  is  covered  unconformably  by  new  red 
sandstone,  which  has  been  disturbed  after  deposition.  In  fig.  12  the  strata  are 
shown  unconformably  to  the  schists  below ;  whilst  in  fig.  1 1  the  schists  are  quite 
denuded. 

These  examples  are  sufficient  to  enable  the  observer  to  appreciate  the  vast 
amount  of  denudation.  It  has  gone  on  at  all  periods,  and  wherever  one  formation 
is  laid  bare  by  the  removal  of  the  overlying  strata,  evidences  of  its  previous  wear 
may  be  discovered,  and  that  even  in  parts  of  the  same  formation ;  as,  for  example, 
a  tertiary  sandstone  at  Corfu  has  been  exposed  to  considerable  wear  prior  to  the 
deposition  of  overlying  blue  clay,  as  is  shown  by  the  partial  removal  of  the  latter  at 
the  brick  establishment  of  the  Engineer  Department  at  San  Pantaleone,  and  the  ex- 
posure of  the  worn  surface  of  the  sandstone  below  it. 

KAULTS. 

The  preceding  phenomena  have  implied  lateral  movements  and  pressure,  accom- 
panied or  followed  by  extensive  denudation  or  wear.  The  present  are  the  result  of 
vertical  movements,  by  which  whole  masses  of  strata,  having  been  dislocated,  have 
either  slid  down  or  been  forced  up,  the  same  strata  appearing  thus  repeated  at  a 
higher  or  lower  level.  See  Plate  IV.  figs.  19,  20,  25  ;  fig.  25  being  a  curious  ex- 
ample,  in  which  long  tuberous-like  deposits  of  iron  ore  have  with  the  strata  been 
affected  by  a  fault.  In  this  case,  then,  the  retaining  force  is  lateral,  and  the  moving 
force  vertical,  though  probably  sometimes  also  a  resultant  of  lateral  pressure ;  and 
it  is  also  highly  probable,  from  the  frequency  of  faults  in  all  shale  districts,  that  one 
cause  of  their  occurrence  is  the  shrinking  of  the  mass,  and  another  similar  to  water 
and  land  slips.  Fig.  20  is  an  example  of  faults  in  a  coal  mine,  in  which  their  great 
importance,  as  well  as  the  trouble  they  sometimes  occasion  the  miner,  arc  well 
known,  and  will  again  he  noticed  in  the  more  practical  part  of  this  essay.  See  also 
Plate  VI.  fig.  34. 

Although  in  itsf^lf  great  and  striking,  the  actual  amount  of  the  vertical  disturbance, 
as  exhibited  in  faults,  is  small  compared  with  the  lateral,  as  displayed  in  contortions. 
In  the  Newcastle  coal  district,  the  upward  or  downward  movement  has  amounted  to 
nearly  1000  feet,  so  that  the  surface  must  have  been  originally  affected  to  that  ex- 
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lent,  portioni  have  either  riien  or  lunk  1000  feet  abme  or  below  the  mt,  ilthouKh 
the  projectiona  or  inequalities  coaiequeat  on  anch  mOTeiDents  have  beeDsubsequenll; 
removed  b;  denudation;  the  faults  being  onlj' diacoiered  by  etudying  the  internal 
itnicture  of  the  underlying  strata.  On  every  tide,  then,  and  at  ever;  leTcl,  whether 
we  look  at  the  laried  surface  of  our  earth  as  it  now  exists,  and  as  it  is  now  exposed 
to  the  incessant  wear  of  rains,  of  torrents,  of  rivers,  and  of  seas,— or  seek  for  infor- 
mation within  the  deep  recesses  of  the  excavated  mine,  we  find  the  same  tale  naT- 
rated,  of  continued  dittnrbance  and  wear  on  the  one  hand,  and  of  renewed  formation 
on  the  other. 


So  long  as  the  worn  materials  of  the  earth's  original  eruat,  deposited  in  rocky 
beds,  aflbrd  no  evidence  of  the  eitiatence  of  aii-breatbing  animals  or  of  plants, 
traces  of  atmospheric  action,  which  depends  on  a  partial  eipoaure  of  the  surface 
above  the  level  of  the  sea,  ought  not  to  be  expected.  The  vast  beds  of  sandstone 
and  conglomerate,  which  prevail  at  certain  geological  epochs,  indicate  extensive  wear 
and  equally  extensive  deposition,  of  which  the  type  should  be  sought  in  the  accu. 
mulationa  of  sand  and  gravel  which  now  constitute  submarine  banks.  The  eitent  of 
known  sea  banks  is  suflident  to  support  and  coalirm  such  a  reference ;  for  example. 
of  the  banks  of  Newfoundland  and  the  Bahama  bank  i  and  when  it  is  considered  that 
soundings  of  only  moderate  depth  are  obtained  on  these  banks  in  the  midit  of  the 
ocean,  they  may  be  fairly  considered  as  analogous  to  and  commensurate  with  any  of 
the  ancient  banks  which  are  now  beds  of  conglomerate  or  sandstone.  In  a  similar 
manner,  as  ancient  conglomerates  were  formed  by  gradual  accumulation  of  beds  of 
aand  and  gravel ,  so  are  our  modem  banks,  now  forming  by  the  action  of  marine 
current*  and  of  the  floating  Gelds  and  bergs  of  ice.  which  convey  with  them  the 
detritus  of  one  region  and  deposit  them  in  another.  In  the  hydrographic  instruc- 
tions issued  to  Captain  Beechey  by  the  Admiralty,  prior  to  the  vnyage  of  the 
Sk^Aur,  it  was  enjoined  that  the  deep-sea  lead  should  be  cast  at  convenient  periods, 
even  where  no  shoal  was  either  known  or  suspected  to  exist  t  and  such  a  rule,  fol- 
lowed by  all  Her  Majesty's  ships  of  war,  must  produce  much  valuable  information, 
to  be  used  as  data  for  determining  the  progress  and  changes  of  such  deposits.  Every 
time  the  lead  touches  the  bottom,  a  point  of  comparison  is  obtained,  and  a  datum 
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netth  the  water,  and  been  exposed  to  wear  from  the  surgei  of  the  ocean  beating  on 
the  shore,  giving  rise  then  as  now  to  sea  cliffs  and  gravelly  or  sandy  beaches. 

It  is  not  always  easy  to  trace  the  cliffis  or  sea  boundaries  of  these  ancient  periods, 
as  most  of  the  strata  have  again  been  submerged  and  covered  by  more  recent  strata ; 
but  the  ancient  sea  bottom  has  often  been  laid  bare,  as  at  Lough  Erne,  in  Ireland, 
where  may  be  seen  on  the  shore  a  limestone  covered  with  projecting  corals,  now  ex- 
posed by  the  removal,  from  denudation,  of  the  shale  above  it.*  Whoever,  indeed,  has 
noticed  the  manner  in  which  the  sea  bottom  in  a  warm  climate  is  thus  covered  over 
by  corallines  (for  example  that  of  the  Mediterranean),  will  perceive  the  force  of  this 
analogy.  Shore  wear  may  be  doubtless  noticed  at  every  geological  epoch ;  but  after 
that  of  the  deposition  and  consolidation  of  the  chalk,  it  is  more  apparent.  Mr.  Lyell 
gives  several  examples  of  inland  chalk  cliffy  which  occur  in  Normandy,  but  notie  can 
be  more  striking  than  the  curved  escarpment  of  chalk  which  bounds  the  plain  of 
Dnngiven,  in  Derry,  the  tertiary  clays  vrith  their  marine  shells  occurring  below  it, 
and  demonstrating  in  the  most  striking  manner  the  existence  of  a  former  sea  bed  at 
levels  now  200  feet  above  the  present  sea,  though  the  sea  cliff  was  then,  as  now,  chalk. 

Plate  IV. — Fig.  23  exhibits  an  example  of  this  peculiar  evidence  of  geological 
analogy ;  and  fig.  24  another  equally  striking,  namely,  the  occurrence  of  successive 
ancient  sea  beaches  at  elevations  far  above  the  present  sea-level.  The  wear  of  the 
ancient  and  now  inland  cliffs,  of  the  chalk,  as  also  that  of  the  white  limestone  of  the 
Morea  and  of  Sicily,  took  place  during  the  deposition  of  the  beds  subsequent  in  date 
and  now  called  tertiary,  and  it  has  often  produced  a  succession  of  cliffs  at  different 
levels,  corresponding  to  so  many  successive  pauses  in  the  elevating  forces ;  the  base 
of  the  ancient  cliff  being  sometimes  occupied  by  an  ancient  mud  bank,  and  at  others, 
by  a  former  sea  beach.  Our  subject  may  here  be  so  far  anticipated  as  to  state,  that 
in  the  strata  called  tertiary,  the  first  decided  f  approximation  to  the  existing  order  of 
things  may  be  noticed  in  the  occurrence  of  the  remains  of  organic  beings  identical 
with  those  still  living  in  our  seas,  as  also  in  the  similarity  of  the  erupted  basaltic  and 
trachytic  lavas  of  that  period  vrith  those  of  existing  volcanoes.  We  seem,  indeed, 
when  studying  them  to  be  entering  on  the  history  of  the  earth  as  it  now  is ;  and  as 
we  advance  further  into  the  light  of  recent  day,  new  evidences  of  continued  change 
are  met  with  in  the  occurrence  of  sea  beaches  of  still  more  modem  date,  although 
now  far  removed  from  the  present  action  of  the  sea.  Mr.  Smith,  of  Jordan  Hill,  an 
inde&tigable  observer  of  this  class  of  geological  phenomena,  has,  for  example,  pointed 
out  the  existence  of  ancient  sea  beaches  in  Gibraltar,  as  also  in  Scotland  and  in 
Ireland,  in  which  country  Mr.  Bryce  and  myself  had  also  pointed  out  examples  of 
the  temporary  rest  of  the  ocean  at  points  of  the  earth's  surface,  in  the  North  of  Ire- 
land, now  far  removed  from  its  action ;  and  still  more,  much  valuable  information  of 
the  same  kind  has  been  afforded  by  our  brother  Officer  Lieutenant-colonel  James, 
who  examined  the  gravel  beds  of  the  South  of  Ireland,  and  his  inquiries  have  been 
subsequently  extended  and  perfected  by  the  Government  Geological  Survey,  now 
under  the  direction  of  Sir  Roderick  Murchison. 

In  the  cave  of  Udde valla,  in  Sweden,  this  change  of  level  was  long  since  proved 
by  the  existence  of  cirrhipeda  adhering  to  its  walls,  just  as  they  are  now  found  at- 
tached to  the  rocks  of  the  sea-shore ;  so  that  both  by  the  evidence  of  mechanical 


*  See  Plate  IV.  figs.  21  and  2S,  for  an  illiutration  of  this  curious  phenomenon,  taken  from  '  Ob- 
servations G^logiques  sur  le  Jura  Soleurois,'  per  A.  Greaslj. 

t  The  term  *  decided'  is  used,  as  Professor  £.  Forbes  has  shown  that  there  is  reason  to  believe 
that  at  l«ut  one  annelid  is  common  to  the  chalk  and  to  the  exisiting  epoch.  NummuUtes  are  com- 
mon to  the  chalk  and  tertiary,  so  that  this  fact  would  connect  more  closely  the  chalk  and  tertiary 
deposits,  by  carrying  into  the  former  an  existing  type  of  organic  life. 

H  2 
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wear  and  of  organic  relici.  we  are  ctrried  hack,  itcp  b;  alep,  to  agei  bcfoiid  tbe 
reach  of  historic  recorda.  And  when  the  organic  links  of  identity  are  loit,  we  can 
abil  trace  by  mechanical  effect!  Ihe  working  of  similar  causes  up  U>  the  remoteat 
epocb. — an  epoch  so  remote,  that  Mr.  Lyel!  has  eitimated  eien  a  small  fraction  of 
the  time  evolved,  namely,  that  during  whith  the  comparatively  recent  deposits  of  the 
Mississippi  have  heen  formed,  and  the  wear  of  its  valley  effected,  at  many  thousand 
years.  Another  example  of  wear  may  be  quuteil  in  the  present  conilition  of  Portland 
Island,  cut  olT  from  Ihe  mainland  by  the  undermining  of  ils  more  solid  strata,  and 
the  removal  of  an  underlying  stratum  of  clay.  At  preseiit,  the  Chesil  Bank,  an  ac- 
cumulation of  sand  and  gravel,  forms  a  natural  breakwater,  and  lessens,  though  it 
does  not  slop,  the  progress  of  wear ;  Imt  should  another  slight  elevation  bring  up  the 
clay  nearer  to  the  water's  edge,  the  wear  would  advance  again  with  rapidity,  and  the 
island  once  removed,  the  Chesil  Bank  itself  would  speedily  he  destroyed,  and  Ihe  sea 
would  advance  upon  the  mainland.  The  consideration  of  Ibis  case  is  of  much  prac- 
tical value.  The  wear  of  Portland  Island  is  comparatively  diminished,  because  the 
dip  of  the  beds  is  such  as  to  carry  tbe  subjacent  clay  to  a  depth  hcrond  the  ictioD 
of  the  moving  wave,  and  to  reduce  the  wear  lo  that  of  the  more  solid  rock ;  the 
Chesil  Bank  has  been  formed  because  tbe  remaining  portion  of  solid  rock  projecting 
forward  cheeks  the  force  of  the  current,  and  causes  the  deposition  of  Ihe  pebbles 
moving  nilh  it.  The  pebbles  of  the  hank  protect  the  subjacent  clay  from  further 
wear,  and  thus  tbe  general  tendency  is,  to  preserve  a  tottering  equilibrium,  which  the 
slightest  change  will  destroy.  In  this  case  a  renewal  of  elevation  would  lead  to  re- 
newed destruction,  whereas,  when  elevation  brings  up  a  solid  stratum,  it  stops 
destruction:  >Dd  such  must  have  bern  the  varying  results  of  elevation,  as  also  of  de- 
pression, at  all  geological  epochs.  In  eiamining  any  coast,  therefore,  with  a  view  to 
judge  of  rts  probable  permanency,  the  following  particulars  should  he  especiali; 
noticed ;  let,  Ihe  nature  of  the  shingle  or  gravel,  as  showing  tbe  direction  of  pre- 
vailing currents  ;  2ndly,  Ihe  prevailing  and  most  powerful  winds ;  lordly,  position  and 
character  of  any  harrier  sheltering  from  the  prevailing  winds;  'lllilr,  position  and 
character  of  any  barrier  opposed  to  the  prevailing  cunenl :  and  further,  that  in  pro- 
tecting a  coast,  the  accumulation  of  shingle  ahould  be  effeclrd  by  a  barrier  trmns- 
Terse  to  the  line  of  current,  hearing  in  mind  that  the  movement  of  the  shingle  is  by 
B  succession  of  Steps,  obliquely  upwards  hy  the  force  of  the  impelling  wave,  and 
nearly  perpendicularly  downwards  by  Ihe  force  of  gravity.     To  bring  the  processes 
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corresponding  shelf  is  seen  at  the  same  level,  passing  round  the  hill,  as  woold  have 
happened  if  it  had  once  formed  an  island  in  a  lake"  (Plate  VI.  fig.  31);  and  the 
great  lakes  of  America  exhibit  siroiUr  lake  beaches  at  various  elevations  above  their 
present  surface. 

In  addition  to  these  forms  of  gravel  deposits,  Agassiz  has  brought  prominently 
forward  the  banks  or  '  moraines  *  of  ancient  glaciers.  It  had  been  long  known  that 
the  vast  accumulations  of  snow  which  produce  the  glaciers  in  Alpine  valleys,  were 
from  the  higher  valleys,  where  they  are  formed,  to  the  lower,  where  they  are  gradually 
melted ;  the  portion  cut  off  or  melted  at  the  lower  end  being  replaced  by  a  new  mass 
added  at  the  upper  end,  and  the  fact  is  now  considered  undeniable.  In  moving  along, 
the  glacier  carries  with  it  the  fragments  of  rock  which,  having  fallen  from  the  pre- 
cipices above,  have  formed  upon  it  lines  of  deposit,  to  which  the  name  of  *  moraine  * 
has  been  given  ;  of  these  M.  Agassiz  distinguishes  three  varieties, — lateral,  in  which 
the  moraine  borders  the  valley  of  the  glacier,  resting  either  partly  on  its  surface,  or 
between  it  and  the  side  of  the  valley ; — medial,  in  which  the  moraine  is  formed  of  a 
long  line  of  debris  stretching  down  the  course  of  the  valley  like  a  riblK)n  on  the  sur- 
face of  the  glacier ; — terminal,  in  which  the  moraine  is  at  the  lower  or  terminal  end 
of  the  glacier ;  and  these  forms  of  gravel  deposit,  interesting  as  regards  the  history  of 
the  glacier  itself,  become  still  more  so  when  used  as  a  clue  to  the  explanation  of  gravel 
deposits  now  now  no  longer  connected  with  glaciers. 

It  will  be  readily  admitted  that  any  considerable  variation  in  the  temperature  of 
the  air  must  produce  a  similar  variation  in  the  amount  of  snow  and  ice,  and  either 
an  augmentation  or  a  diminution  in  the  resulting  glaciers.  Within  very  recent  times, 
the  change  has  been  in  the  direction  of  cold,  as  shown  by  the  inquiries  of  Mr.  Venetz 
on  the  variations  of  temperature  in  the  Swiss  Alps ;  but  if>more  ancient  epochs  are 
taken  into  account,  the  evidence  shows  a  rise  of  temperature. 

M.  Venetz  establishes  the  fir&t  of  these  positions  by  historical  monuments  and 
documents,  which  prove  that  some  of  the  Alpine-passes,  now  scarcely  practicable* 
were  once  the  ordinary  lines  of  communication  ;  and  in  the  archives  of  the  Commune 
de  Bagnes,  M.  Rivaz  noticed  a  legal  process  between  that  commune  and  the  commune 
of  Liddes,  relative  to  the  possession  of  a  forest  then  on  the  territory  of  Bagnes,  which 
has  since  disappeared  and  been  replaced  by  a  glacier,  now  entirely  cutting  off  the 
communication. 

Many  other  examples  might  be  cited  of  the  extension  of  the  glaciers  within  the  last 
200  years  ;  but  how  small  it  appears  when  compared  with  the  vast  extension  in  times 
beyond  the  reach  of  historical  evidence,  for,  as  M.  Agassiz  observes, — **  We  shall  be 
forced  to  admit  that  many  moraines,  far  distant  from  existing  glaciers,  must  have 
been  formed  at  the  most  remote  periods,  if  nut  anterior  to  the  creation  of  man." 
The  careful  examination  of  deposits  classed  by  him  with  moraines,  has  enabled  M. 
Agassiz  to  trace,  assisted  by  other  phenomena,  the  action  of  glaciers  in  countries  now 
far  removed,  by  their  comparatively  elevated  temperature,  from  the  sphere  of  their 
production,  and  having  thus  brought  the  British  Islands  within  the  sphere  of  ancient 
glacial  action,  his  inquiries  have  been  successfully  followed  up  by  Dr.  Buckland  and 
many  other  British  geologists. 

Such  inquiries  have  led  to  the  belief  that  there  was  a  period  of  intense  cold,  when 
ice  and  snow  were  spread  over  a  large  portion  of  the  northern  hemisphere ;  when  on 
the  coasts  of  that  frozen  epoch,  the  glacier  descended,  as  it  now  does  in  Spitzbergen, 
to  the  sea,  when  icebergs  were  formed,  and  the  open  sea  was  covered  with  them  and 
Mrith  floating  sheet-ice.  Glaciers  were  the  carriers  on  land  of  those  fragments  which 
formed  ancient  moraines ; — icebergs  and  floes  were  the  carriers  on  sea  of  those 
vast  fragments  which  now  as  '  erratics '  are  dotted  here  and  there  along  the  course  of 
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fonner  miriDe  currents,  juit  m  the  modem  floe  or  iceberg  leavea  at  the  bottom  of 
the  ocean,  when  it  gronnd*  and  melta,  the  fragment!  of  rockl  it  tiM  carried  along 
irilh  it.  Perhapi  no  onenon  admiti  the  operation  of  gUciera,  in  the  extended  Mnac 
of  Agassfz  ;  though  the  carefnl  eiamination  of  recent  phenomena  hai  in  thii,  aa  in 
many  other  cases.  luppUed  the  means  of  appreciating  the  nature  and  magnitude  of 
the  operatiODi  of  natore  at  the  remoteit  epochs. 


In  the  preceding  lections,  allusion  has  occasionall;  been  made  to  fouils,  or  the 
remains  of  organic  being),  found  in  the  ancient  strata  of  the  earth;  and  it  it  now  time 
to  explun  tba  manner  in  which  such  relics  have  been  Died  initudying  the  past  histor; 
of  the  eanh.  In  this,  aa  in  erery  geological  inquiry,  such  definite  data  as  the  present 
course  of  natural  erents  aflbrds  na  should  be  adopted  aa  the  framework  and  theorr, 
and  not,  as  was  the  eostom  with  ancient  ge<^ists,  a  speculative  opinion  formed  firtt, 
and  data  to  support  it  looked  for  aftencards.  In  investigating,  therefore,  the  lawa  of 
ancient  organisms,  it  is  necessary  to  study  the  laws  of  life  now  in  operation  ;  Pro- 
fessor Edward  Forbes  has,  for  example,  shovrn  that  the  influences  of  climate  upon 
land  animall  and  TegcUblea,  are  in  marine  animals  much  modified  by  depth  of  water; 
and  that  it  is  necessary  to  take  into  account  thit  condition,  in  compaiing  dther  ex- 
isting marine  animals  at  different  and  distant  regions,  or  extinct  animals  of  former 
epochs.  On  this  most  important  view  of  the  subject,  M.  A.  Gressly  has  also  published, 
in  his  'Geological  Ohservalions  on  the  Jura'  (1837),  some  interesting  remarks,  an  ab* 
stcact  of  which  will  best  explain  the  principles  he  advocates. 

On  a  careful  eianuDation  of  any  deposit,  various  modifications  may  be  observed,  in 
the  petrographic  constitution  of  the  strata  corresponding  to  others,  in  the  palKonto- 
logical  chtJ«cter  of  the  fossils,  and  which  are  subject  to  peculiar  and  little  varying 
laws.    Two  prindples  are  deduced  from  these  CDDsiilcrations. 

1st.  That  a  peculiar  petrographic  constitution  in  a  stratum  will  be  Mcompanied  by 
a  peculiar  pilKonlological  assemblage  of  fossils. 

2nd.  That  such  a  palsontologictl  assemblage  will  not  include  the  genera  and  spedea 
pecuhar  to  strata  of  a  different  petrographic  constitution. 

If  certain  genera  and  species  peculiar  to  one  form  of  mineral  stratum  be  found  in 
another,  the  individuals  of  such  genera  and  species  will  be  much  more  rare,  much 
less  developed  and  less  distinctly  characterized,  than  in  that  to  which  they  pro. 
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a,  A  purely  mechanical  one,  in  which  they  were  formed  in  the  midst  of  an  agitated 
sea ;  as,  for  example,  rocks  of  a  brecciated  or  mdely  oolitic  character. 

b.  An  origin,  partly  chemical,  in  a  quiet  sea;  as  for  example,  marls,  marly  and 
compact  limestones,  either  with  a  homogeneous  paste,  or  with  a  paste  finely  oolitic,  in 
which  the  grains  are,  as  it  were,  fused  into  the  paste. 

These  two  types,  yariously  modified  according  to  their  littoral  or  pelagic  station, 
lead  to  distinct  stratigraphic  forms,  and  are  accompanied  by  equally  distinct  and 
characteristic  palseontological  combinations.  Rocks,  for  example,  of  a  brecciated  or  of 
a  rudely  oolitic  character,  constitute  the  coralline  type.  They  indicate  a  littoral  or 
shallow-water  deposit,  the  fossils  being  those  of  coral  banks,  principally  fixed  corals, 
with  a  massive  or  blanched  stem  capable  of  resisting  the  shock  of  the  waves,  and 
corresponding  to  the  living  genera  agaricia,  astrea,  oculina,  caryophylla,  etc,  which 
now  form  in  intertropical  seas  the  coral  banks  and  reefs  so  dangerous  to  ships,  accom- 
panied by  other  organic  bodies  which  usually  inhabit  coral  reefs,  and  appear  to 
delight  in  continually  agitated  waters,  some  being  firmly  attached  to  the  rocks,  and 
others  possessing  a  highly  elastic  structure,  which,  yielding  at  once  to  the  impulse  of 
the  wave,  brings  back  the  animal  unhurt  to  its  former  position,  when  the  shock  has 
passed  away.  Amongst  these  are  the  crinoids,  with  their  long,  elastic  and  flexible 
stems, — the  more  solid  echinoderms,  with  either  globular  or  flattened  shells  and 
strong  plates  and  spines,  such  as  the  genera  ddaris,  diadema,  and  clypeaster, — whilst 
the  spatangi,  with  thin  shells  and  delicate  spines,  are  much  more  rare.  Amongst  the 
molluscs,  whether  acephala  or  gasteropoda,  those  genera  abound  which,  like  the  oyster 
and  spondylus,  have  firm  bases  of  attachment ;  or,  like  the  perforating  genera  area, 
saxicava,  venerupis,  can  remove  themselves  by  self-formed  cavities  from  injury;  or, 
like  the  genera  trichites,  chama,  perna,  are  made  secure  by  the  weight  of  their  shells;  or, 
like  the  pecten,  lima,  and  terebratula,  are  preserved  by  the  elasticity  either  of  their 
shell  or  of  their  ligament  of  attachment ;  or,  as  in  the  genera  turbo,  trochus,  nerina, 
patella,  etc,  by  the  solidity  of  their  shell  or  by  adhesion  to  the  rocks ;  it  may  indeed 
be  assumed,  as  a  very  important  and  almost  universal  character  in  organisms  of  the 
coralline  type,  that  their  shells  or  crusts  were  massive,  and  marked  by  ribs,  striae, 
spines,  knobs,  and  other  peculiarities,  which,  whilst  strengthening  them  for  opposing 
the  contingencies  of  their  peculiar  location,  now  serve  as  so  many  valuable  characters 
for  studying  them  as  inhabitants  of  an  ocean  long  since  passed  away. 

Deposits  which  may  be  called  shingle,  and  were  the  result  of  the  active  wear  of 
the  waves,  are  often  intimately  connected  with  coral  banks,  but  also  accompany  and 
link  together  all  the  petrographic  forms  of  deposit.  They  possess  few  zoological 
peculiarities,  borrowing,  as  it  were,  the  characters  of  the  several  deposits  with  which 
they  are  connected  by  receiving  from  them  the  fragments  of  their  various  organisms. 
Muddy  deposits,  such  as  marls,  compact  and  sub-compact  limestones,  together  with 
sands  and  sandstones,  constitute  another  important  class,  and  exhibit  a  totally  diffe- 
rent zoological  assemblage.  The  corals  are  of  spongy  and  incrusting  genera,  and 
generally  without  apparent  base.  Crinoids  are  rare,  scattered  about,  and  generally 
of  unattached  genera.  The  echinida  are  less  rare,  particularly  the  true  echini  and 
their  congeners,  though  the  spatangi  abound  in  muddy  and  sub-sandy  deposits.  Of 
the  asterida,  the  genera  asterias  and  saccocoma  are  characteristic  of  muddy  deposits 
and  of  fine  sands  and  gravel.  Of  the  acephalous  molluscs,  the  genera  which  abound 
are — solen,  pholadomya,  myopsis,  pinna,  tellina,  mytilus,  modiolus,  corbula,  isocar- 
dium,  cucullea ;  and  amongst  the  ostracea  especially — gryphea  and  exogyra.  In  the 
gasteropoda  may  be  noted — rostellaria,  pterocera,  natica,  turritella,  fasciolaria ;  and 
amongst  the  cephalopoda — the  genera  nautilus,  ammonites,  belemnites.  Fish  with 
pavement-like  teeth  are  very  characteristic  of  these  mud  deposits,  and  reptiles  are 
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tbundant,  (hough  locallj  diilrihated,  in  Ihe  upper  Juruuc  beda,  more  eapecUlIf  in 
whftt  may  be  deemed  moddy  ihore  deposits.  A  nearly  consUnt  chiracter  of  sll 
loological  a9Mmbl^:ei  tn  muddy  depoaits,  ia  that  the  prevailing  genera  aud  spedet 

tre  proTJrled  wilh  smooth  and  thin  shells,  or  coTerings  not  fitted  to  withstand  the 
wear  of  tmnsport ;  and  in  those  genera  which  possess  i  thick  shell,  the  tissue  ia 
nearly  non.elaKtie,  and  easily  diiintegretrs.  On  mnddy  bottoois  also  the  genera  were 
more  frequently  free  than  attached,  the  stems  of  pentacriai  eved  appearing  to  hsie 
been  fixed  by  Ghrillc  or  simply  immerseil  at  their  base  in  the  mud. 

The  Bub-pelagic  and  pelagic  fonas  of  muddy  dcpoittB,  though  corresponding  to  the 
littoral  form  in  their  petmgraphic  conditions,  are  distinguished  from  it  by  zoological 
peculiaritiea.  The  deep  aea  or  pelagic  dppositi  are  very  unifannly  constituted,  ho-' 
mi^eneoua,  regularly  stratified  in  continuous  and  often  massive  beils,  eicept  where 
modified  by  disturbing  forces.  In  these  deposits,  large  spaces  are  often  deficient  in 
oi^nic  bodiea,  or  contain  only  their  di^hris,  together  wilh  those  spongy  and  fibniiu 
corals  which  are  supposed  to  inhabit  the  waters  of  great  depths.  M.  Gressly  sums 
np  in  tbete  inportent  deductions ; — 

1.  Each  class  or  form  of  deposit  preienli  characters— 'petn^raphic,  geognostic,  and 
zoological — peculiar  to  itself,  and  distinct  from  those  of  any  other  claai  or  form  of 
deposit,  although  of  the  same  geological  epoch. 

2.  That  Ihe  same  class  or  form  of  deposit,  as  regards  its  pelrographic  and  geo. 
gnostic  condition,  enbihits  very  analogous  zoologicHl  characters  in  each  successive 
geological  formilion  in  which  it  occurs. 

These  lans  are  of  great  interest,  and  highly  important  in  the  application  of  zoolo- 
gical characters  to  the  determining  of  geological  formations  ;  though  cure  must  be 
taken  not  to  include  in  the  truly  characteristic  fossils  those  which  have  been  brought 
by  cnrrents  from  other  formations.  In  the  muddy  sub-pelagic  iiottom  of  the  channel 
of  Corfu,  In  the  Ionian  Islands,  many  of  the  Ihin-cnisted  and  silky-spined  spatangidn 
are  found,  together  with  nuculcc,  tellinx.  corbula:,  and  other  organisms  titled  for  such 
a  habitut ;  but  these  ore  combined  with  abundant  ciuvis  of  other  organisms  foreign 
to  auch  a  habitus, — as  the  valves  of  atrongly-ribbcd  cardia,  pcctcns.  &•:.  In  the  one 
case,  the  shells,  &c.,  are  generally  perfect  or  alive;  in  the  other,  nioie  frequently 
•eparated  and  injured ;  the  bivalves,  when  connected,  being  often  wide  open  or  even 
twisted  round  ;  and  the  geologist  will  recognize  similar  catci  in  the  deposits  of  an- 
it  worlds,  as,  for  eiamplc.  in  the  Devonian  fossils,  describeil  by  Mr.  Phillips  in  his 
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ire  obser? ed  recurring  at  different  intervals,  and  exhibiting  a  similar  analogy  in  the 
assemblage  of  organisms  connected  with  them ;  but  this  analogy,  the  result  of  similar 
conditions  of  existence,  is  not  identity,  which  would  require  that  all  the  organisms  of 
the  two  periods  should  be  specifically  the  same,  and  this  difference  leads  to  the  fol- 
lowing rule : — 

4.  Similar  yariations  in  the  conditions  of  organic  existence  must  produce  similar 
modifications  in  the  assemblage  of  organic  beings  existing  at  the  same  epoch  in  the 
various  places  subjected  to  such  variations ;  such  modifications  however  taking  place 
in  the  assemblage,  and  not,  except  in  a  very  slight  degree,  in  the  individuals  them- 
selves.  Want  of  identity  therefore  in  the  organisms  of  the  same  petrographic  class  of 
deposit,  as  seen  to  recur  in  a  section  of  any  part  of  the  earth's  crust,  cannot  be  ex- 
plained by  a  variation  of  the  conditions  of  existence,  the  petrographic  and  geognostic 
identity,  combined  with  the  zoological  analogy,  showing  that  the  conditions  were  the 
same,  but  must  be  ascribed  to  a  difference  in  the  aggregate  fauna  and'flora  of  the 
epoch ;  or,  in  other  words,  it  proves  that  the  organisms  of  the  strata,  compared  toge- 
ther, were  connected  with  two  distinct  periods  in  the  earth's  history. 

If  the  mode  of  petrifaction  be  now  examined,  the  identity  of  past  and  existing 
agencies  will  receive  further  confirmation. 

The  relics  of  ancient  worlds  discovered  in  the  mineral  strata  of  the  earth  may, 
from  their  forms,  be  classed  either  in  the  vegetable  or  animal  kingdoms.  The  first 
observers  of  these  remarkable  bodies  did  not  overlook  their  resemblance  to  still  ex- 
isting organisms ;  but,  either  unable  to  account  for  their  composition  or  situation, 
considered  them  as  '  lusi'  proceeding  from  the  exercise  of  a  plastic  power  in  nature, 
or,  admitting  them  to  be  the  relics  of  organized  bodies,  yet  not  perceiving  the  specific 
distinction  between  them  and  still  existing  creatures,  ascribed  their  position  in  the 
earth  to  one  great  phenomenon — the  Deluge.  Modem  philosophers  have  fashioned 
Geology  into  a  new  science,  by  discovering  in  these  bodies  the  evidence,  not  of  one 
but  of  many  phenomena,  including  the  successive  appearance  and  disappearance  of 
organic  bodies,  under  new  forms  and  combinations  suited  to  the  var3ring  conditions 
of  the  earth's  surface.  Of  the  number  of  plants  which  have  thus  lived  at  ancient 
epochs  and  passed  away,  some  idea  may  be  formed  from  the  fact  that  the  collection 
of  Goeppert,  author  of  '  Les  Genres  des  Plantes  Fossiles,'  &c.,  contains  3254  speci- 
mens of  vegetable  petrifactions ;  namely  236  from  transition  strata  (Cambrian  and 
Silurian),  1548  from  the  carboniferous,  34  from  the"gres  bigarre "  and  *' calcaire 
conchylien,"  and  61  from  the  "  keuper"  (or  34  +  61  =  95  from  the  trias  or  new  red 
sandstone),  61  from  the  lias  and  oolite,  242  from  the  green  sand,  chalk,  and  gypsum, 
742  from  lignites,  259  from  unknown  localities,  and  50  of  recent  forms.  These 
bodies  occurred  in  three  conditions : — 

1.  Stems,  leaves,  flowers,  fruits,  interposed  between  layers  of  stony  or  earthy 
matter,  being  flexible,  and  either  slightly  browned,  or  in  various  states  (up  to  the 
most  perfect)  of  carbonization. 

2.  Impressions  of  the  bark  of  plants,  the  interior  of  which  is  either  empty  or  filled 
with  stony  matter. 

3.  More  complete  petrifactions,  in  which  the  whole  of  the  interior  mass,  as  also  the 
individual  organs,  cells,  and  vessels  of  the  plant,  are  filled  with  stony  matter ;  not 
changed  into  stone,  as  is  commonly  said. 

The  first  of  these  conditions  M.  Goeppert  illustrated  by  two  experiments,  in  which 
he  imitated  the  distribution  of  fossil  plants  in  the  shales  and  grits  of  various  geologi- 
cal epochs.  First,  by  the  dry  method.  Living  plants,  particularly  ferns,  were  placed 
between  layers  of  soft  clay,  which  were  then  dried  in  the  shade  and  afterwards  sub- 


122  GE0GN08T   AND  GKOLOGY. 

jected  to  belt  varying  in  int«nutr  up  to  ■  led  heat.  According  to  the  degree  of 
heat,  the  plant*  were  found  dther  *ligbt1y  bravned  or  perfectly  caibonized ;  and 
when  either  powdered  coal  or  aiphslte  bad  been  mixed  with  the  clay,  they  eibihited 
a  (bining  black  tint,  and  adhered  to  the  layer  of  clay.  When  the  heat  had  been 
poshed  to  redneu,  and  the  plaatj  were  entirely  conaumed,  impresiiona  of  both  faces 
were  found,  jnat  as  in  the  grits  of  Silesia.  Secondly,  by  the  moist  method.  The 
plant!  placed  between  lajert  of  clay  were  plungeil  6  feel  deep  in  a  ditch,  and  left 
there  far  a  whole  year;  and  the  reiull  was,  that  they  were  more  or  leu  browned,  ai 
ii  the  case  alio  with  plants  naturally  immereed  in  the  mire  at  the  bottom  of  poods, 
and  so  strongly  resembled  the  impressioni  of  fossil  plants  that  they  might  have  been 
mistaken  for  them. 

Tbe  second  condition  has  not  been  fully  illustrated  by  direct  experiment,  as  it  re- 
qiure*  *  combination  of  eircamatancea  not  easily  imitated  on  the  small  scale.  In  it 
the  bark  of  the  plants  sometimes  reaemblea  coal,  the  impression  of  all  its  external 
peculiarities  being  found  in  the  soirounding  matrix,  and  that  of  tbe  internal  tDrface 
on  the  stony  cast  formed  within  it.  In  cases  like  this,  the  cast  and  tbe  mould  have 
becD  taken  for  different  bodies.  Sometimes  tbe  bark  has  been  reduced  to  a  coaly 
powder,  found  between  tbe  impression  of  the  mould  and  the  cast ;  and  as  in  this 
ease  the  decomposition  of  the  thin  hark  has  preceded  the  formation  of  the  cast,  the 
cast  has  filled  the  mould,  and  represent!  therefore  the  original  eitemsl  surface  of  the 
plant,  not  that  of  the  interior,  as  in  the  preceding  case.  When  the  process  of  de- 
composition has  taken  place  under  pressure,  the  stems  are  found  more  or  less  flat- 
tened, and  in  soma  calamitcs  the  opposite  surfaces  are  preeaed  close  together,  the 
whole  internal  substance  having  been  removed  before  tbe  consolidation  of  the  aor- 
rounding  mass  had  secured  it  from  the  effect  of  pressure. 

In  the  third  condition  of  vegetable  petiifaetions,  the  petrifying  matter  has  infil. 
tiated  into  and  been  solidified  in  the  interstices  of  the  cells  and  vessels,  the  walls  of 
irhidi  have  been  more  or  less  preserved.  The  mineral  petrifying  substances  were 
either  lilica  (the  most  general  mineralizer),  carbonato  or  salpbato  of  lime  (not  so 
common),  peroxide  of  iron,  smooth  clay,  or  a  mixture  of  aeveral  of  theae  ingredienta. 
This  proceaa  ia  still  going  forward.  M.  GoSppert  received  specimens  of  oak  fivm 
H.  Cotta  and  from  Mr.  Laspe,  taken  from  a  brook  near  Gera,  which,  in  a  space  of 
time  unknown,  had  been  fossilized  by  carbonate  of  Ume,  the  presence  of  which  waa 
detected  on  attempting  to  saw  them :  they  are  sufficiently  bard  to  take  a  fine  polish. 
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able,  the  woody  fibre  being  still  exposed  by  the  action  of  very  dilate  hydrochlorie 
add.  In  some  specimens,  a  bituminous  oil,  resembling  in  smell  a  mixture  of  creo- 
sote and  petroleum,  was  obtained, — an  additional  proof  of  the  formation  of  bitumen 
under  aqueous  pressure. 

Wood  fossilized  by  gypsum  is  yery  rare :  a  specimen  from  Katscha,  in  Silesia, 
weighing  4  quintals,  is  in  the  museum  of  the  University  of  Breslau.  The  ligneous 
fibre  is  only  in  part  fossilized,  being  otherwise  flexible  and  browned.  In  siliceous 
vegetable  fossils,  M.  Goeppert  removed  the  silica  by  hydrofluoric  add,  and  frequently 
found  the  woody  fibre  so  well  preserved  that  it  might  be  used  in  determining  the 
genui  of  the  plant.  In  woods  which,  after  having  been  treated  with  hydrofluoric 
add,  exhibit  no  trace  of  organic  matter,  there  is  little  doubt  that  it  has  been  removed 
after  fossilization,  either  by  long  aqueous  action  or  by  heat ;  some  slices  of  the  petrified 
coniferse  of  Silesia,  still  retaining  a  portion  of  fibre,  were  subjected  to  the  action  of 
a  furnace,  when  the  fibre  was  destroyed,  and  the  spedmens,  before  variously  coloured, 
became  uniformly  white  and  opaque,  though  the  characteristic  structure  of  the 
conifene  was  still  very  distinct.  In  other  cases  it  would  appear  that  water  had 
been  the  principal  agent,  as  in  many  spedmens  of  the  fossil  wood  of  Buchau,  in  the 
county  of  Glatz,  examined  by  M.  GoSppert,  which  had  been  rolled  about  in  a  brook 
running  frt>m  the  mountain,  and  in  which  the  more  they  were  rounded  and  had 
been  subjected  to  the  action  of  the  air  and  water,  the  less  organic  matter  was 
discoverable  in  them,  the  diminution  taking  place  from  the  centre  outwards.  Though, 
in  this  instance,  the  disorganization  was  effected  in  so  short  a  time,  traces  of  organic 
matter  have  been  found  in  spedmens  which  had  been  exposed  to  the  air  for 
more  than  1000  years  ?  Two  specimens  of  fossil  wood  frx>m  the  Desert  of  Egypt, 
which,  frx>m  their  appearance,  had  evidently  at  some  remote  epoch  been  rolled  by 
water,  still  preserve  a  large  quantity  of  organic  matter.  The  agatized  woods  of 
Hungary  occur  in  the  horizontal  beds  of  a  conglomerate  of  pumice  which  forms  the 
basis  of  the  trachytic  group.  Externally  these  agates  are  beautifhlly  transparent 
from  the  absence  of  organic  matter  (which  however  exists  in  the  narrow  cells  of 
the  annular  rings),  and  from  the  contained  water.  Exposed  to  the  flame  of  the 
blow-pipe,  they  lose  their  transparency,  become  white  and  opaque,  and,  from  the 
dilatation  of  the  water,  split  along  the  direction  of  the  ligneous  fibre.  In  the  Tokay 
fossil  wood,  the  colour,  as  well  as  the  organic  matter,  is  still  preserved.  In  the 
Antigua  agatized  palms,  the  delicate  spiral  vessels  can  still  be  recognized.  In  general, 
the  more  organic  matter  left,  the  more  coloured  the  spedmen ;  but  at  times  it  takes 
its  tint  from  the  mineral  matter  itself.  If  the  organic  fibre  of  fossil  plants  be  sub- 
jected to  heat,  it  is  burnt  away,  and  leaves,  as  in  recent  plants,  a  siliceous  skeleton : 
and  when  we  reflect  on  all  these  curious  facts,  can  we  refrain  from  admiration  at  the 
thought  that  not  merely  the  forms  of  bodies,  but  actually  the  organic  matter  of 
andent  worlds,  has  been  preserved  for  our  contemplation  and  study  ? 

Reviewing  the  various  circumstances  and  conditions  of  fossil  vegetables,  in  the 
most  remote  as  in  the  existing  period,  M.  Goeppert  concludes  that  the  same  forces 
which  are  now  in  action  were  sufficient  in  the  past  epochs  for  producing  the  effects 
observed,  and  that  the  water  of  the  andent  world  did  not  possess  a  higher  solvent 
power  than  it  now  does.  Water  will  dissolve  about  -nj^jTrth  part  of  silica,  and  although 
a  well  ascertained  recent  siliceous  fossil  is  yet  a  desideratum,  the  concretions  on  the 
bamboo,  called  tabasheer,  and  the  large  quantity  of  silica  deposited  in  some  other 
living  vegetables,  particularly  in  the  equisetaceae,  are  suffident  proofr  of  the  ease 
with  which  it  enters  into  the  vegetable  structure. 

The  connection  of  this  inquiry  with  the  formation  of  coal  and  lignite  is  evident. 
M.  Wiegmann  made  experiments  on  the  formation  both  of  turf  and  of  lignite  in  the 
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moiit  my,  tni  many  natural  examplea  might  be  ciled  of  inch  formation  within 
comparttivel;  ■mill  interrali  of  time.  In  the  mines  of  Cbarlotlenhrunn,  fragmeiitt 
of  ancient  carpentr;  were  cbaoged  into  liginile.  Specimens  of  noodworli  lent  to 
M.  Gofippert  by  M.  Sehro€tter,  from  the  iron  mines  of  Zurrach  in  Stiria,  had  been 
chaoged  into  resinous  hgnite  in  the  space  of  le$s  than  sixty  yean.  M.  Liebig  itatea 
that  in  distnlegralion  the  hyilrogen  alone  escapes,  but  that  in  pulreraclioa  oi^gen  alio 
is  disengaged ;  if,  then,  this  latter  change  takes  place  nnder  a  high  pressure  and  at  an 
elCTBted  temperature,  considerable  quantities  of  carbonic  acid  will  be  disengaged, 
and  much  carbon  be  deposited  in  combinatioo  with  a  part  of  the  hydrogen  of  the 
organic  substance,  coal  and  some  lignites  hating  probably  been  the  result  of  su'ch  a 
metamorphosis,  M.  Link  has  also  endeavDured  to  tbnw,  by  comparalire  mieroscopic 
obaerraliona.  that  turf  anri  coal  are  analogous  in  structure,  and  have  proceeded  one 
from  (he  other ;  and  the  occurrence  of  stems  of  trees  in  coal  is  not  opposed  to  this 
*iew,  as  they  are  also  frequently  found  in  successive  layers  in  deep  turf,  as.  for 
example,  in  that  of  Ireland.  The  formation  of  coal  by  immeraion  in  water, 
nnder  pressure,  was  however  sug^ted  long  since  by  Dr.  M'Colloch.  A  timilar  in- 
quiry has  been  instituted  by  Messrs.  Marcel  de  Serres  and  L.  Figuier,  into  the 
general  principles  of  petrifaclion,  and,  specially,  as  an  illustration  of  tbem,  into  the 
petrifaction  of  shells  in  the  Mediterranean,  thcEe  authors  ditlering  from  M.  Goeppert 
in  the  assumption  that  the  waters  of  the  ancient  ocean  possessed  a  higher  soWent 
power  than  they  do  at  present.  In  fact,  in  this  as  in  erery  other  active  force,  the 
tendency  ia  to  a  resulting  equilibrium,  (f  it  has  now  tfen  atlameil,  the  same  pro- 
cesses vrill  continue,  but  without  producing  any  difference  in  the  great  whole  of  the 
animal,  vegetable,  and  mineral  kingdoms  :  if  it  has  nut  been  attained,  such  a  differ- 
ence, however  gradually,  must  be  produced.  The  long  continuance  of  the  present 
Mtemblage  of  created  beings,  without  any  apparent  variation  in  the  effective  condi- 
tion of  the  atmosphere,  is  a  strong  reason  for  hclieiing  that  an  equilibrium  has  been 
attained  ;  and  it  may  be  assumed,  that  until  such  had  been  the  case,  the  variations 
must  have  been  sufficiently  rapid  to  induce  a  much  more  frequent  change  in  the 
aggregate  of  organic  eiistences  than  could  now  be  expecleil  to  lake  place  in  a  world 
which,  so  far  as  evidence  can  be  obtained,  has  only  lost,  during  GOOD  years,  about 
twelve  vertebrate  animals,  principally  from  the  action  of  man.  although  the  distribu- 
tion of  such  animals  has  been  materially  modified  by  the  local  eitinction  of  some 
and  the  latenl  extension  of  otiiei 
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of  the  moUnsca  again  pass  into  new  mineral  deposits,  either  whole  or  triturated  into 
powder ;  and  the  same  may  be  said  of  the  corals  and  other  zoophjrtes. 

Silica  is  the  next  most  important  petrifying  substance,  and  even  exceeds  carbonate 
of  lime  in  the  extreme  delicacy  and  fidelity  of  the  restoration  it  produces.  Those 
portions  of  the  organic  body  which  were  capable  of  preserving  their  form  for  a  long 
time,  are  usually  found  petrified  by  carbonate  of  lime,  but  those  of  less  consistency, 
such  as  the  purely  animal  portion,  by  silica  ;  the  ligaments  of  grypluea  being  often 
sUicified,  whilst  the  shells  are  calcareous ;  the  shells  of  ananchites  and  other  echinida 
of  the  green-sand  being  generally  calcareous,  whilst  their  interior  is  either  partially 
or  wholly  filled  with  a  siliceous  cast ;  the  alcyonia  and  sponges  being  usually  silidfied, 
though  disseminated,  as  in  the  chalk,  in  calcareous  rocks.  In  regard  to  the  solution 
of  silica,  it  has  already  been  stated  that  the  water  of  almost  all  mineral  and  thermal 
springs  contains  a  portion,  that  it  occurs  in  most  rivers  or  streams,  that  it  abounds 
in  the  stems  and  membranes  of  many  vegetables,  that  heat  and  pressure  combined 
favour  its  solution, — as  is  shown  by  the  great  quantity  deposited  at  the  foot  of  the 
boiling  Geysers  of  Iceland, — that  the  presence  of  an  alkali  proceeding  from  the  de* 
composition  of  felspathic  rocks  greatly  favours  its  solution ;  and  further,  that  in  the 
gelatinous  or  nascent  state,  in  which  it  always  occurs  on  the  decomposition  of  a 
mineral,  it  is  readily  soluble.  As,  therefore,  silica  in  solution  was  required  for  the 
formation  of  rock  crystal,  so,  in  a  gelatinous  state,  it  produced  calcedony,  opal,  and 
even  some  of  the  flint  and  chert  of  various  geological  formations. 

Oxide  of  iron,  anhydrous  or  hydrated,  and  bisulphuret  of  iron,  have  also  entered 
into  the  formation  of  fossils :  in  respect  to  the  latter,  the  action  is,  as  in  silica,  prin- 
cipally on  the  animal  substance ;  as,  for  example,  the  ammonites  in  shale  exhibit  a 
mere  film  of  shining  iron  pyrites,  which  has  replaced  the  animal  membrane. 

The  second  section  of  Messrs.  Serres  and  Figuier's  researches  relates  to  the  highly 
interesting  question  of  the  existence  of  recent  petrifactions  in  our  present  seas, 
analogous  to  those  of  ancient  geological  times.  In  the  Mediterranean,  shells  are 
immersed  in  a  sufficiently  considerable  mass  of  water  which  contains  in  solution  a 
notable  quantity  uf  carbonate  of  lime :  the  conditions  arc  therefore  present,  and  the 
analogous  result  appears  to  follow. 

The  Officers  of  the  French  Engineers  submitted  to  Messrs.  Serres  and  Figuier 
specimens,  from  the  neighbourhood  of  Algiers,  of  masses  of  shells  transformed  into 
a  crystalline  white  limestone  of  a  peculiar  lustre,  like  that  of  alabaster.  In  these 
shelly  masses,  small  rolled  pebbles  are  observed  incrusted  by  a  stalagmitic  glaze, 
which  appears  to  be  similar  to  the  cementing  substance  which  binds  the  pebbles 
together.  The  shells  are  all  of  recent  species  of  the  genera  pectunculus  and  cardium, 
with  a  few  univalves,  and  the  Officers  of  Engineers  considered  the  rock  decidedly  of 
recent  origin.  The  very  remarkable  recent  conglomerate  formed  on  the  shore  of 
Santa  Maura,  and  at  other  localities,  and  which  in  its  cohesion  is  fully  equal  to 
many  ancient  rocks  of  the  same  description,  is  another  example ;  and  as  manifesting 
the  continued  tendency  to  such  aggregations,  even  from  other  agencies,  may  be  cited 
an  interesting  specimen,  found  in  Santa  Maura  by  Mr.  Cottam,  in  which  several  peb- 
bles had  been  agglutinated  firmly  together  by  the  decomposition  of  a  nail,  to  which 
they  still  strongly  adhered. 

The  Desert  which  crosses  the  road  from  Cairo  to  Suez  is  dotted  by  trees  which 
seem  to  have  been  petrified  just  as  they  stand,  and  within  the  present  epoch.  The 
trees  are  only  covered  by  sands  and  gravel,  the  whole  reposing  on  a  limestone  con- 
taining oysters,  the  texture  and  colour  of  which  are  so  little  changed  that  they  might 
be  supposed  only  just  abandoned  by  the  sea,  and  can  only  be  considered  a  modern 
formation.     On  the  territory  of  Kumeel,  in  India,  a  thermal  spring  has  formed  an 
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■bnndint  cileireoua  depoait,  including  nnmeroDB  Bbellg  of  the  gener«  mdinia  and 
ptanorbii,  which  iro  in  vuioui  atages  of  petrifsction,  aome  being  entirely  converted 
into  calcareoua  spar,  and  some  covered  by  cryilala  of  qnarti. 

That  ahells  ihould  be  petrified,  it  is  neccsaarj  that  they  ahould  remain  a  long  time 
immened  in  water,  or  in  tbe  sea  ;  M  when  abandoned  on  the  ihore,  they  exfoliate 
ttnil  diaiategrate,  arc  gradually  broken  np,  but  not  petrified.  When  ihella  are  aban- 
doned by  the  animals,  tbe  Gnt  change  the;  experience  ia  a  loaa  of  colonr,  is  ia  the 
case  also  with  the  solid  tubes  of  annelida  (dentalium),  and  the  atony  polypifen :  the 
•ubatance  is  then  altered,  many  of  the  tuberclea,  riba,  &c.|  disappear,  and  the  ilme- 
ture  of  the  internal  laminn  ii  displayed  j  and  aa  the  proceaa  goet  on,  the  interior  of 
the  shell  becomes  Glled  by  an  agglutinated  and  hardened  sand,  until  the  cbange  baa 
been  «o  perfected,  that,  had  not  tbe  crystalline  caibonate  preserved  tbe  form  of  the 
ahell,  it  would  have  been  impoaaible  to  recognize  it.  Some  striliiag  examples  of  this 
change  are  adduced ;  and  in  reply  to  tbe  objection  sometimes  urged,  that  such  fossils 
may  have  been  washed  oat  of  tertiary  beds,  Messrs.  Serres  and  Figuier  obaerre, — 
Istly,  that  ahells  are  found  in  the  Mediterranean  in  all  stage*  oF  the  petrifying  pro- 
cesi.  from  simile  diacoloiation  to  the  complete  tranaformalion  into  crystalline  car- 
bonate of  limej  2ndly,  that  the  molecular  ttnictnre  of  recently  petrified  ahelli  ia 
very  often  different  from  that  of  ancient  foaail  shells,  the  first  being  usually  cryatal- 
line,  tbe  othera  niually  compact;  though  it  is  right  to  state,  that  in  many  ancient 
fbiail  ahella  the  crystalline  structure  of  sheila  it  very  perceptible,  distinguishing  them 
at  a  glance  &om  the  soironDding  compact  limestone. 

Messrs.  Setres  and  Figuier  conclude  by  an  interetling  comparative  analysis  of  the 
substance  of  living,  of  recently  petrified,  and  of  foaail  shells,  having  selected  genera 
common  to  the  three  epochs  of  the  coApanson,  so  that  the  naluisl  or  original  con- 
dition of  the  shells  compared  having  been  the  aame,  the  change  may  he  taken  aa  a 
correct  index  of  the  effects  of  petrifaction.  One  of  their  examplea  will  be  sufficient, 
namely  that  of  the  genus  Oatrea : — 

OYSTBBS. 

1.  OitnatdulU,  OnrtaedulU,  Ornca. 
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mechanical  structure  point  out  the  physical  agencies  which  were  then  operating  in 
modifying  the  earth's  crust ;  whilst  the  fossil  relics  they  contain  indicate  the  nature 
of  the  vegetables  and  animals  which  were  then  living.  From  a  description  then  of 
each  successive  formation »  we  obtain,  so  far  as  the  imperfection  of  the  remaining 
records  and  the  still  greater  incompleteness  of  our  inquiries  will  permit,  a  knowledge 
of  the  inhabitants  of  the  earth,  and  of  the  plants  which  either  sheltered  or  supported 
them  at  so  many  successive  epochs  of  the  earth's  history. 

Such  an  investigation  as  this  is  surely  one  of  immense  interest  both  in  a  philoso- 
phical sense,  and  in  a  practical  sense,  as  there  is  that  relation  between  natural  causes 
and  effects  which  enables  the  accurate  observer  to  deduce  the  one  from  the  other, 
and  thus  to  infer  the  probability  of  the  existence  of  some  peculiar  natural  product 
from  the  presence  of  another  which  in  other  localities  he  had  observed  associated 
with  ic.  And  here  it  may  be  observed,  that  in  the  survey  thus  taken  of  the  condition 
of  the  world,  both  as  regards  its  organic  and  inorganic  constituents,  during  the  lapse 
of  countless  ages,  and  amidst  many  catastrophes,  no  discovery  has  been  made  of  any 
new  principle  or  law ;  for  though  many  new  forms  and  remarkable  adaptations  of 
structure  to  the  varying  functions  required  by  the  altered  conditions  of  life,  may  be 
observed,  everything  proves  that  the  same  physical  and  organic  laws  have  guided  the 
world's  movements  and  influenced  its  mineral,  animal,  and  vegetable  condition,  from 
the  earliest  epoch  the  records  of  which  have  been  preserved  in  the  stony  tablets 
which  the  geologist  studies  and  explains,  up  to  the  present  epoch,  when  sentient 
beings  are  in  existence  to  observe  and  to  record  them. 

In  the  earlier  period  of  geological  science,  the  terms  primary  and  secondary  were 
adopted, — the  first  being  applied  to  those  rocks,  as  granite,  gneiss,  mica-slate,  etc., 
which  were  then  considered  to  be  portions  of  the  original  crust  of  the  earth, — and 
the  secondary  to  those  of  subsequent  mechanical  origin ;  and  when,  at  a  subsequent 
period,  fossils  had  been  recognized  as  the  relics  of  real  organic  beings,  they  were  con- 
sidered peculiar  to  the  secondary  strata. 

Ere  long  it  appeared  that  some  rocks,  partaking  of  the  characters  of  the  primary, 
contained  organic  remains,  and  a  new  term,  *'  transition,"  was  adopted  to  express 
this  supposed  relation  or  passage,  though  of  course  there  could  not  really  have 
been  such  a  passage.  The  progress  of  science  has,  however,  gone  further,  and  has 
now  proved  that  the  massive  primary  rocks,  such  as  granite,  greenstone,  hornblende 
rock,  etc.,  are  sometimes  secondary  to  many  of  the  stratified  and  fossiliferous  rocks ; 
and  that  the  stratified  primary  rocks,  such  as  gneiss,  mica  slate,  and  clay  slate,  are 
of  very  different  ages  in  different  countries,  being  the  strata  immediately  below  the 
lowest  unchanged  sedimentary  rocks  of  the  district  which  have  undergone  that  pe- 
culiar change  implied  by  the  term  metamorphic :  so  that  in  a  country  occupied  by 
the  formation  called  Silurian,  or  by  the  Cambrian,  if  separated  from  it,  the  metamor- 
phic rocks  must  either  be  classed  in  the  lower  part  of  that  system,  or  be  considered 
strata  lower  than  the  lowest  known  fossiliferous  deposits ;  whereas  in  a  country  oc- 
cupied by  the  great  cretaceous  or  chalk  formation,  the  metamorphic  rocks  may  be 
of  any  date  more  remote  than  that  of  the  chalk,  and  possibly  therefore  more  recent 
than  many  other  fossiliferous  deposits. 

The  use  of  the  terms  primary  and  secondary  has  been  therefore  much  modified, 
and  the  term  transition  abandoned ;  Sir  Charles  Lyell  and  Professor  Phillips  having 
proposed  to  apply  the  terms  primary,  secondary,  and  tertiary,  as  qualifying  epithets 
as  well  to  the  massive  crystalline  and  metamorphic  rocks,  as  to  the  ordinary  sedimen- 
tary and  fossiliferous  deposits ;  so  that  there  may  be  primary  granite,  primary  lava, 
primary  gneiss,  primary  mica-schist,  and  primary  fossiliferous  strata;  and  in  like 
manner,  secondary  and  tertiary  rocks  with  the  same  designations. 
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The  term  primiry,  or  that  of  PalEozrae,  applied  In  (atsiliferoui  itnta,  replace*  there- 
fore the  old  term  truuitioD,  and  eiubracei  alt  those  strata  coataining  organic  lemaiDi 
wblch  Kere  fonaerlj  deacribed  ai  a  transition,  inlennddiaire,  gragwacken,  etc.  The 
tecondary,  or  Mesozoic.  embraces  aa  heretofare  along  aeries  of  formatioua,  extendiog 
upwards  to  the  cbalk  iactusive;  the  tertiary,  or  Caioozoic,  another  series,  Hhich 
comM  up  to  the  base  of  (he  present  system;  whilst  the  poat-tertiuy  may  be  con. 
aidered  part  of  another  formation  yet  lo  be  completed.  In  a  nitural  anangement, 
there  ought  to  be  an  equality  in  the  amount  of  change  betneen  the  great  groups;  but 
as  yel,  the  change  from  the  secondary  lo  the  tertiary  appears,  even  after  Ihe  mare 
recent  inquiries  and  modificattoni,  more  abrupt  Ibaa  that  from  the  primary  fosaili- 
ferous  to  the  secoadary. 

After  these  few  remarks  on  the  great  divisions  admitted  in  Geology,  the  subdi- 
visions may  he  siodied  with  advant^e,  being  first  eihibited  in  a  tabular  form  and 
descending  order.  In  practically  applying  the  knowledge  thus  obtained,  the  geolo- 
gical iuquiier  must  next  ascertain  the  relative  poiillon  and  order  of  sequence  of  Ihe 
beds  he  is  examining,  and  for  this  purpose  determine  the  strike  and  dip  of  ihe  strata. 
Many  very  simple  methods  of  roughly  oblaining  Ihese  data  will  occur  to  every 
Engineer,  but  as  it  is  often  very  difficult  lo  determine  by  the  eye  alone  the  true  io- 
cUnation  of  planes,  a  clinometer  laay  be  used  for  the  purpose,  one  of  wbich  it  re- 
presented, Plate  VII.  fig.  36,  and  which  ma;  be  modified  or  imitated  by  any  tolerable 
mechanic.  The  true  strike  of  the  strata  is  so  often  modilicd  by  elevating  forces 
that  it  must  not  be  assumed  la  be  coincident  with  the  direction  of  the  valley  in  which 
the  strata  occur,  but  be  determined  in  relation  to  the  true  dip  of  the  plane.  The  se- 
quence having  been  determined,  fossil  evidence  should  (ben  be  sought  for,  in  order 
1«  estabhab  the  zool<^cal  relations  of  the  strata,  and  thereby  to  fix  tbeir  geological 
position*. 
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pilKiillSI'ili 

ill 

Lias  formation. 

Including 
Lias  shale,  liai  lime- 
stone,   lias    sand- 
stone ;      the     lias 
shale  being  some- 
limea called  aposi- 
donia  shale. 
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Kupfer-schiefer,     or 
copper  slate,  a  bi- 
tuminous   marly 
schist. 
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Table  of  Comparative  Thiekneee  qf  Strata, 


Clau. 


8 


a 
£ 


Order. 


Recent. 

Pott-Pliooene,  or 
Glacial. 


PUoceoe,  old  and 

new. 
Miocene. 
Eocene. 


Ghraup. 


Marine. 


C    Erratics. 
J  Gravel 
(    and  mud 


tics.  ^ 
,sand,  > 
nnd.   J 


Marine. 


Cretaceous,  exclu- 
ding the  Weal- 
den,  which  forms 
the  next  class. 

Wealden. 

Oolitic,  or 

Jura  Limestone. 

Lias. 

New  Red  Sand- 
stone 

Magnesian  Lime- 
stone, including 
red  conglomerate 

Carboniferous, 
without  old  Red 
Sandstone. 

Devonian,  -or  old 
Red  Sandstone. 


Freeb-wftter. 


FVesh-water. 


OemuuBy,  bf  Ootta. 


Feet 


100 


BnirlMid, 
byPhUUpa, 
and  oCben. 


>  All  marine. 


} 
] 


All  marine. 
All  marine. 
All  marine. 

All  marine. 

Mixed 
marine  and 


Silurian. 
Cambrian. 


I  Marine. 


} 
{ 


Fresh-water. 


80 
300 


Total 


380 


1248 
99 


1347 


Fresh-water. 


1800 

Westphalia  600 
Saxony 30 

400 

200 

1500 

1650 

600 

Ftom  150  to 

10,000 


} 


Total...  16,750 


Cotta  unites 
these  in  one 
formation. 
I  Total    ...   6000 


{ 


1080 
900 

1350 
900 

300 

2100 

to 

3000 


!  Variable 
many 
thousand. 


Many 

thousand. 

£eet 


According  therefore  to  Cotta,  the  total  thickness  of  stratified  fossiliferous  deposits 
may  be  assumed  as  22,750  feet,  or  about  4^  miles,  exclusive  of  the  variable  and 
uncertain  deposits  of  the  existing  period.  Such  estimates  can  however  be  considered 
only  very  rough  approximations,  as  the  thickness  of  each  deposit  may  be  expected  to 
vary  in  every  locality,  and  to  undergo  very  material  modifications  both  in  the  cha- 
racter and  in  the  proportions  of  its  several  parts. 


GENERAL  AND   PRACTICAL   REMARKS. 

In  these  remarks  the  descending  order  will  not  be  followed,  bat  the  lowest  recog- 
nized strata  will  be  first  noticed,  and  each  successive  formation,  growing  as  it  were 
one  out  of  the  other,  will  in  order  come  under  review.  But  first  it  is  necessary  to 
bear  in  mind  that  the  old  notion  that  granite,  and  other  massive  crystalline  rocks, 
as  well  as  the  crystalline  schists,  were  primitive,  or  a  part  of  the  original  cmst  of  the 
earth,  has  been  abandoned  and  replaced  by  one  which  admits  that  granite,  ete.,  may 
ba;v8  appeared  on  the  surface  at  every  geological  epoch ;  and  that  the  crystalline 
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•chitt*  Buy,  in  like  muiner,  liave  been  produced  in  their  preient  form  b;  mettmor- 
phic  wtion  >t  Tuioni  periods.  To  eipreu  tbii  compoDDd  relation  of  the  Kbiitt, 
fint,  by  originil  depotitioD,  to  the  »ti«U  imderlyins  the  rocks  now  resting  upon  them, 
md,  secondly,  by  metamorptuc  chinge,  to  in  epoch  or  formttion  probably  posterior 
to  tboM  rocks,  Sir  C.  Lyell  hu  proposed  ■  compound  nomencUtarerepreMiiting  both 
fiKti;  «*,  for  example,  Aate-Cambrian  carboDiferous  metamorphic  strata,  triasic 
oolitic  metamorphic  strata,  etc.,  meaning  that  Ihe  Btnta  were  reapectiTely  de- 
posited prior  to  the  Cambrian,  and  during  t.ie  triasic,  bnt  reduced  to  their  meta- 
■norphic  coniUtion  by  forces  acting  during  the  carboniferous  epoch  in  the  first  case, 
and  the  oolitic  in  the  second.  The  same  principle  of  nomenclatnre  be  has  alio  pro- 
posed far  Plutonic  or  massive  crystalline  roclis,  and  for  lolcaaic  rocks,  so  that  there 
may  be  AnteXtmbrian  Plutonic,  Silurian  Plutonic,  carboniferous  Plutonic,  triasic, 
oolitic,  cretaceous  Plutonic,  etc.;  and,  in  like  manner,  Silurian  volcanic,  carbaalferous 
Tolcanic,  triasic,  etc.,  np  to  the  volcanic  rocks  still  forming.  Thoi^h  it  may  be  diffi- 
cult in  some,  and  indeed  in  very  many  cases,  to  determine  with  certainty  the  actual 
epoch  of  the  original  conditioa,  or  of  the  metamorphic  change,  of  the  crystalline 
schists,  and  also  of  the  upheaving  and  apparent  partial  eruption  of  the  Plutonic  rocks, 
or  even  of  the  ernptions  of  volcanic  rocks,  there  cannot  novr  be  a  doubt  that  the  idea 
conveyed  by  tbe  proposed  nomenclature  is  correct,  and  it  ha*  therefore  been  followed 
is  the  tabular  view  of  the  formations:  thedoubtfiil  theoretical  question  as  to  the  true 
character  of  granite  and  similar  rocks  still  lemunt  unanswered,  and  it  is  the  opinion 
of  Keilhau  that  they  an  only  the  more  advanced  results  of  a  still  more  prolonged  me- 
tamorphic action. 

Below  all  the  fosuliferoai  strata  hitherto  studied,  metamorphic  schists  have  been 
discovered,  and  it  is  therefore  evident  that  racks  were  worn,  and  sediments  fonned 
.  into  strata,  prior  to  the  strata  which  now  exhibit  in  their  organic  relics  proofs  of  a 
living  organization;  hut  it  cannot  be  authoritatively  said  (hat  there  were  no  living 
creatures  during  the  epoch  when  these  lower  metamorphic  rocks  were  deposited,  for 
the  argument  once  adduced  from  the  uoiversality  of  metamorphic  rocks,  and  tbe  ab- 
sence of  fossils  in  them,  must  be  abandoned ;  as  many  such  rocks  bate  been  shown, 
almost  to  critical  demonstration,  to  be  coeval  with  or  posterior  to  (bsiiliferons  strata ; 
whilst  tbe  similarity  of  arrangement  in  the  metamorphic  and  unchanged  strata,  as  to 
the  alternation  of  siliceous,  argillaceoas,  and  cdcareoas  strata,  goes  far  to  support  the 
«  that  tbe  flrst  traces  of  organic  creation  in  this  earth  are  lost  in  the  deep  dark- 
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tion,  thongh  subject  to  many  TariatioiiB  from  the  different  conducting  powers  of 
different  strata,  that  the  temperature  increases  1^ Fahrenheit  in  60  feet  of  depth;  and 
if  the  rate  of  increase  were  considered  constant,  there  would,  at  60,000  feet,  be  a 
temperature  of  1000^  or  that  of  low  red  heat;  but  as  the  temperature  will  increase 
with  the  depth  in  an  augmenting  ratio,  Leonhard  assumes  that  this  temperature 
would  be  attained  at  about  35,000  feet,  being  a  depth  only  double  the  height  of 
Cotopaxi,  the  most  remarkable  of  the  PeruYian  volcanoes.  Descending  still  lower, 
the  temperature,  at  a  very  moderate  depth;compared  with  the  magnitude  of  the  earth, 
would  be  found  sufficient  to  retain  the  mineral  matter  in  a  state  of  fusion ;  and  it  is 
therefore  unnecessary  to  suppose  a  great  depth  when  seeking  for  the  source  of  lava 
still  pouring  out  in  so  many  parts  of  the  earth.  The  similarity  of  lava,  wherever 
found,  and  the  close  agreement  as  to  composition  and  physical  characters  of  the 
basalt  of  ancient  epochs  and  of  that  still  bursting  through  and  intersecting  the  walls 
of  modem  volcanoes,  are  further  proofs  that  a  common  origin  must  be  ascribed 
to  all  such  eruptions,  and  that  they  are  due,  as  well  as  the  accompanying  physical 
phenomena  of  earthquakes,  to  forces  acting  on  the  still  liquid  portion  of  the  earth. 
The  phenomena  of  thermal  springs  are  also,  in  part,  connected  with  this  high  tem- 
perature ;  and  the  greater  mean  density  of  the  earth,  which  is  nearly  double  that  of 
the  substance  of  its  crust,  is  most  probably  related  to  its  liquid  condition.  The  proxi- 
mate cause  of  this  internal  heat  can  be  only  conjectured,  but,  whether  it  be  due  to 
electricity  or  to  chemical  action,  the  fact  of  its  existence  stUl  remains  incontrovertible. 
Some  other  facts  have  been  thought  irreconcilable  with  the  theory  of  internal 
heat,  as,  for  example,  in  the  iron  mines  of  Dannemora,  in  Sweden,  large  masses 
of  ice  are  found.  In  the  mines  of  Ehrenfriedersdorf,  in  the  Erzgebirge,  this  is  called 
perennial  ice ;  and,  in  like  manner,  at  the  millstone  quarries  of  Nieder  Mendig,  near 
Andemach,  on  the  Rhine,  the  ice  is  constant,  during  even  the  hottest  months  of  the 
year.  Such  facts  as  these,  M.  Reich,  of  Freiberg,  has  shown  to  be  the  consequence 
of  peculiar  local  circumstances,  arising  out  of  the  mode  of  working  adopted  at  these 
mines.  Vast  cavities  are  formed  far  removed  from  the  external  surface  and  air,  and 
downward  currents  of  air  are  produced,  which  cause  a  rush  of  the  cold  external  air  to* 
wards  these  reservoirs  of  more  rarefied  air.  Between  1790  and  1800,  the  ice  in  these 
depths  was  from  20  to  60  feet  thick.  Again,  in  examining  the  temperature  of  the 
lower  depths  of  the  sea,  and  in  large  lakes,  it  is  found  to  decrease  and  not  to  increase 
with  the  depth.  Under  the  Equator,  the  temperature  of  the  air  and  surface-water 
being  31®  centigrade,  88°  Fahrenheit,  P^n  found  the  temperature  of  the  sea — 

At  390  mdt.,  or  1256  feet=  94°  cent.,  or  49°  Fah. 

At  700  met.,  or  2254  feet=:  7-5°  cent.,  or  45^°  Fah. 
Captain  Sabine,  on  the  I3th  November,  1822,  in  north  lat.  20^°,  the  temperature 
of  the  surface  of  the  sea  being  83°,  found,  at  7187  feet,  or  1|  mile,  the  temperature 
45p.  At  67°  north  lat.,  the  temperature  of  the  air  being  48°,  the  temperature  of  the 
sea  at  4576  feet  was  only  26°.  In  the  lakes  of  Switzerland,  varying  in  depth  from 
160  to  960  feet,  Saussure  found  that  when  the  temperature  of  the  surface  varied 
from  68*"  to  77°,  that  of  the  bottom  varied  only  from  39^°  to  U^"^ ;  but  both  these 
classes  of  facts  are  easily  explained  on  the  well-known  properties  of  cooling  water, 
which,  as  the  temperature  decreases,  becomes  more  dense  up  to  39^,  when  it  begins 
to  dilate,  in  consequence  of  the  commencement  of  a  crystalline  arrangement  in  its 
particles.  It  is  thus  that  the  cooled  water  naturally  arranges  itself  below,  and, 
circulating  from  the  Pole  to  the  Equator,  tends  to  keep  up  a  temperature*  in  the 
sea-bottom  at  most  not  greater  than  would  be  the  mean  temperature  of  the  earth  at 
that  locality,  but  in  many  cases  considerably  lower ;  and,  in  like  manner,  the  cold 
water  proceeding  from  the  melting  glaciers  of  Switzerland  forms  a  similar  stratum  of 
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low  lemperatnTe  at  the  bottom  ot  the  Uk«*,  the  low  eoaductiog  power  of  fluidi  rcD' 
dering  the  puuge  of  hut  dowowardi  very  ilov. 

Admitting  then  the  originil  igneoui  Eaidit;  of  the  e«rth,  and  itt  gndiul  cooling 
from  the  ciuit  dowawanl),  it  hit  heen  demonitnted  by  Fourier — 

1.  Tbtt  the  cooling  of  the  earth,  and  the  incrcaie  of  temperature  in  proportioB  to 
the  depth  below  the  tiuface,  hit  been  much  greater  fonnerlf  than  it  now  ii. 

2.  That  mote  than  30,000  fewt  will  be  reqnired  to  leuen  bf  one-half,  the  preient 
rate  of  increue  of  temperature ;  that  ii,  to  reduce  the  increaie  to  1°  in  60  feet 

3.  That  the  eStet  of  central  beat  it  now  Bcarcely  perceptible  on  the  tuifice,  not 
ruling  the  tbermomeler  ■fy". 

4.  That  for  nearly  2000  year*  thii  effect  hai  not  lUiniiutbeil  by  ^'',  and  that  we 
therefore  tee  in  thii,  aa  in  alt  the  great  phenomena  of  the  uniTerse,  a  marked  cha- 
racter of  itability. 

The  earth  thni  cooling  down  muit  have  finally  attained  a  temperature  at  itt  luriace 
lower  thin  that  of  bailing  water,  and  have  become,  in  coniequence,  inveited  with  a 
thin  film  of  that  fluid ;  bat  with  the  fonoatiou  of  i  aolid  emit  would  commence 
ditturbaneei  and  cracka,  givii^  liie  to  ineqnalitiea  on  the  aurface,  and  thui  etertting 
tome  portioni  of  it  aboie  the  dieumamhient  liquid.  At  the  tame  time,  weu  would 
heffa  to  opente,  ind  all  tbeae  cautei  CMiiinuing  to  act,  the  flntexpoaed  portioni  may 
hiTe  been  rafHdly  worn  away,  and  ledimentary  depoaita  farmed,  to  be  igiin  opheiied 
by  tobaequent  ^turbtncei.  In  thia  mtnner  the  procettet  of  wear  and  formation 
may  have  proceeded,  until  an  epoch  bad  been  attained  when  the  temperature  of  the 
earth,  at  tome  portion  of  iti  eipoted  turface,  wai  auffidently  low  for  the  conditioni 
of  organic  life  tueh  ai  they  hare  been  eihiluted  in  our  mandane  lyitem ;  and  if  the 
aame  general  phjiical  relations  of  the  earth  then  eiiited,  that  portion  may  beiuppoted 
to  hire  been  a  PoUr  one,  the  order  of  formationa  adTindng  from  the  P<dea  to  the 
Bqutor  in  proportion  11  the  decreue  of  tempenture  extended  itaelf.  Bat  ai  tome  of 
the  earlier  aedimentary  depouti  which  had  tnpported  organic  ttmeiurea  htve  pro- 
bably, ai  before  ttalcd,  nndergone  metamorphic  change,  and  at  tucb  change  recnn 
again  at  lucceuiTe  epocht,  rendering  it  difficult  to  determine  the  exact  zoological 
relatiODt  of  tucb  ttrata,  it  aeema,  for  practici]  porpoaes,  duinble  to  conuder  the  me- 
tamorphic and  Plutonic  rockt  by  tbenuelTci.  A«  roclu,  they  ba<re  already  been 
noticed  (page  90],  lod  it  ii  only  neoettary  therefore  to  point  out  their  practical  bear- 
ing* on  the  lubjeet. 
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Ixntk  vp  and  bacome  mud.  In  sckctuig  roofing  iLitet,  they  onght  to  split  thin  and 
even,  should  not  readily  cleave  into  fragments,  sbould  not  absorb  much  water,  as,  il 
so,  they  will  speedily  be  diifigired  with  moss,  and,  by  retaining  moiiture,  induce  damp- 
ness ;  and  they  should  not  be  scaly.  Though  the  dark-grey  varieties  are  most  i^ 
proved,  the  silver-grey  are  usually  the  most  durable.  Some  varieties  of  mica  slate 
afford  good  roofing  slates,  though  seldom  so  t^Jn  and  even  as  those  connected  with 
less  crystalline  schists.  The  most  important  locality  in  the  United  Kingdom  ia 
Wales,  but  there  are  also  very  good  slates  in  the  south-west  and  in  the  south  of 
Ireland,  as  in  the  island  of  Valentia,  and  some  in  the  mica  slate  of  the  north  of  Ire- 
land, though  the  latter  are  not  equal  to  the  true  slates.  Of  foreign  localities,  that  of 
Lehesten  in  the  Thuringian  Forest  may  be  mentioned.  In  respect  to  the  use  of  mica 
slate  and  gneiss  in  building,  it  may  be  observed  as  a  caution,  that  in  situations  ex- 
posed to  much  wet,  the  gneiss,  or  highly  gneissose  varieties  of  mica  slate,  should  be 
selected,  as  the  finer-grained  or  more  slaty  varieties  more  rapidly  disintegrate ;  but 
where  the  building  or  any  of  its  parts  are  likely  to  be  exposed  to  much  heat,  as  in 
the  sides  of  chimneys  and  fire-places,  the  true  mica  schist,  or  the  fine-grained  varie- 
ties, are  preferable.  The  city  of  Freiberg  b  built  of  gneiss,  and  the  pavement  of  ita 
streets  is  of  the  same  material. 

Of  the  Plutonic  and  volcanic  rocks,  the  most  important  are  granite,  syenite,  por- 
phyry, greenstone,  basalt.    Many  varieties  of  granite  are  excellent  building  stones, 
and  though  expensive  in  working,  are  most  valuable.    Some  of  the  most  important 
pnbUc  works  of  England,  France,  and  Russia  (Petersburg),  are  of  this  materiaL    Ia 
selecting  granite,  it  is  right  to  avoid  those  varieties  in  which  the  constituent  minerals 
are  very  small  and  the  scales  of  mica  superabundant,  and,  as  a  practical  test,  to  notice 
the  country  immediately  around  the  quarry,  as  the  sandy  varieties  rapidly  disintegrate 
into  accumulations  of  micaceous  sand.    The  Hayter  or  Dartmoor  granite,  the  Aber- 
deen granite,  the  Kingston  (Dublin)  granite,  some  beds  of  the  Moume  or  county  of 
Down  granite,  and  the  Guernsey  or  Channel  Island  granite,  are  well  known  for  their 
excellence.    In  some  of  the  quarries  the  bedding  of  the  granite  is  more  defined  than 
in  others,  and  wherever  this  is  the  case,  or  where  marked  cleavages  or  joints  prevail, 
the  working  is  much  facilitated.    Many  old  Egyptian  works  and  statues  were  formed 
of  granite,  and  it  is  still  used  for  colossal  works,  as  it  takes  a  fine  polish :  for  ex- 
ample, the  great  fountain-shell  or  vase  before  the  Museum  at  Berlin,  and  the  pedestal 
of  the  statue  of  Peter  the  Great  at  St.  Petersburg,  are  of  Northern  granite,  being 
made  out  of  erratic  blocks ;  and  the  splendid  Scotch  granite  columns  in  the  vestibule 
of  the  Fitzwilliam  Museum  at  Cambridge  are,  from  the  brilliancy  of  their  polish,  beau- 
tiful examples  of  a  recent  application  of  this  rock  to  the  arts.    Millstones  are  occa- 
sionally manufactured  of  granite.    As  a  road-stone,  those  varieties  which  have  at  once 
a  fine-grained  and  a  close  firm  texture,  should  be  preferred,  as  the  large  crystals  of 
coarser  granite  are  liable  to  cleave  and  break  up.  The  specific  gravity  of  granite  varies 
from  2*5  to  2*6,  which  is  very  analogous  to  that  of  the  metamorphic  schists,  a  circum- 
stance which  gives  additional  weight  to  Keilhau's  opinion  that  it  is  a  metamorphic 
and  not  an  eruptive  rock.  Syenite  is  even  a  firmer  stone  than  granite,  and  its  specific 
gravity  ranges  from  2*5  so  high  as  3*0,  thus  approximating  it  to  greenstone.    Many 
beautiful  varieties  of  this  rock  are  found  in  Ireland.    In  Dresden  the  syenite  is  hewn 
into  regular  parallelopiped  Uocks  for  paving,  a  purpose  for  which  its  durability  and 
firmness  peculiarly  fit  it;  indeed  as  a  road-stone  generally  it  is  excellent.    Many 
ancient  Eastern  works  were  formed  of  it,  and  the  Giant  Pillar  of  Melibokus  was 
fuhioned  out  of  one  block. 

Porphyry, — This  term  extends  over  a  vride  range  of  species,  as  it  may  be  applied 
to  any  rock  in  which  isolated  crystals,  usually  of  felspar,  are  imbedded  in  a  distiaet 
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pute.  At  a  building  itone,  all  those  mieties  htTiDg  ■  aaft  ■rgilliceoai  pute  nnit 
be  rejected,  but  there  ue  many  which  affbrd  good  rough  building  atones,  and  b1m> 
good  road-atooea,  cuily  breaking  into  proper  forma  and  aizes,  binding  well,  keeping 
di7,  and  being  tolerably  free  from  duat, — a  coniideration  loo  little  attended  to  in  the 
•election  of  road-itoaea.  From  the  beauty  of  ita  colonn,  aome  Tarieties  of  thi*  rock 
hBTe  been  largely  nted  for  eolumna,  monomenta,  and  vuet.  The  red,  brown,  blact, 
and  green  antique  porphyriea  are  well  known  to  the  ttadent  of  ancient  art.  In 
modeni  timea,  the  moat  remarkable  porphyry-worka  are  at  Elfdal,  in  Sweden,  and 
Kolyian,  in  Siberia.  The  Elfdal  worki  have  been  eitablished  about  aixty  years, 
amidst  wooded  moontains,  and  in  a  wild  conntry.  The  blocka  are  worked  into  form, 
and  poliahed,  by  well-adjusted  machinery  i  andmott  beautiful  worka  of  art,  in  eolumna, 
vuea,  chimney -omamenta,  and  tiblea,  are  turned  out,  riTaUiag  the  rosao-antico,  or 
ancient  red  porphyry.  A  magnificent  vase  of  thia  porphyry,  at  the  country  palace 
of  Johannathal,  la  10  feet  high,  and  at  ita  anmmit  16  feet  in  diameter:  it  reats  on  a 
bue  of  granite.  The  principal  depAt  of  this  manufactare  is  Stockholm.  From  the 
workshops  of  KolyTan,  in  Siberia,  equally  beautiful  tpecimena  of  art  are  prodaced, 
and  in  large  quantities  forwarded  to  Petersburg.  The  blocka  are  sometimes  of 
great  size,  300  men  being  employed  to  draw  a  single  block.  Some  of  the  porphyries 
of  Hnngary  resemble  the  grey  porphyry,  the  mordiglione  of  Roman  artiits.  The 
tpeeiflc  graiity  of  porphyry  varies  from  2'4  to  2-6,  and  it  may  be  obserred  that  the 
beautiful  poliah  it  take*  ia  a  principal  cause  of  its  extreme  durability,  many  works 
farmed  of  it  remaining  uninjured  for  aget  ainaiipt  the  mins  aurrounding  (hem. 

Crniufone. — The  specific  gravity  of  thit  rock  ranges  from  27  to  3'0,  and  though 
its  extreme  harduess,  and  the  difficulty  of  cleaving  it  without  splinters,  render  it  less 
fitted  for  regular  buildinga,  it  may  be  used  with  advantage  a*  *  rough  building  atone, 
and  for  a  road-stone  ia  excellent.  The  porfido  Tcrde-antleo,  or  green  porphyry  of 
the  andenls,  noticed  under  porphyry,  is  a  greenstone  porphyry,  the  base  being  green- 
stone, with  white  and  green  isolated  crystals  of  felspar.  The  Corsican  globe-roek  is 
■  compact  greenstone  with  globular  concretions. 

Suoif. — This  rock,  so  remakable  for  the  columnar  structure  which  is  so  beauti- 
fully exhibited  by  many  of  ita  bed*,  aa  at  Staflk  and  the  Giant's  Causeway,  has  a 
h^h  specific  gravity,  varying  from  Z'8  to  3'1.  The  hardness  of  its  more  dense 
varietiea  ia  very  great,  and  hence  difficulty  in  using  it  for  squared  work ;  but  for 
rough  building,  and  especially  for  walls  eiposed  to  moch  wear,  particularly  from  the 
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htve  been  used  in  the  formation  of  images  for  idol  worship,  and  in  the  manufacture 
of  vases,  columns,  pipes,  etc.  The  rich  green  and  bronze  tints  of  its  finer  Tarieties, 
and  the  high  polish  of  which  they  are  susceptible,  render  this  stone  highly  ornamental 
and  Taluable,  and  it  is  still  extensively  worked.  When  veining  carbonate  of  lime,  it 
becomes  the  ophicaloe  of  Brongniart ;  when  porphyritic,  it  is  his  ophite. 

Hmestone. — ^The  mode  of  association  of  limestone  with  the  metamorphic  rocks  is 
very  interesting  and  remarkable,  and  deserves  especial  attention.  It  is  found  inter- 
stratified  with  mica  and  other  schists,  in  layers  varying  in  thickness  from  a  mere 
film  to  several  feet,  and  yet  partaking  in  the  metamorphic  change,  as  proved  by  its 
highly  crjrstalline  structure.  When  the  crystals  are  not  of  too  large  size,  it  becomes 
a  granular  marble,  and  when  veined,  as  in  the  county  of  Galway,  with  green  ser- 
pentine, forms  a  verde-antico.  Such  marbles  as  these,  including  the  finest  statuary 
marble,  were  formerly  all  called  primitive  limestones;  but  it  is  now  known  that 
they  are  of  various  ages,  the  marble  here  noticed,  and  that  of  Donegal,  belonging 
to  metamorphic  rocks  of  a  remote  epoch,  prior  at  least  to  the  carboniferous  system, 
whereas  that  of  Carrara  is  comparatively  recent.  In  metamorphic  districts,  such  as 
the  mica  schist  country  of  Derry,  Donegal,  Scotland,  etc.,  this  limestone  becomes  a 
resource  for  lime ;  and  it  is  impossible  to  notice  its  mode  of  distribution  and  the 
narrow  scale  of  its  development,  as  compared  with  the  mountain  limestone  of  the 
carboniferous  and  the  chalk  of  the  cretaceous  systems,  without  perceiving  that  the 
argillaceous  or  muddy  strata  have  much  predominated  in  the  earlier  epochs. 

MeialUe  Deparitt, — It  is  right  to  notice  that  the  plutonic  and  metamorphic  rocks 
are  the  great  depots  of  metallic  ores. 

Iron, — The  ore  from  which  English  iron  is  obtained  is  not  connected  with  meta- 
morphic strata,  and  will  be  noticed  in  its  proper  place.  The  celebrated  Swedish 
iron  b  obtained  from  the  magnetic  iron  ore  connected  with  rocks  of  this  class.  In 
Taberg,  in  Smoland,  this  ore  sometimes  forms  mountain  masses.  At  Dannemora,  and 
various  other  places  in  Sweden,  Norway,  Russia,  etc.,  it  is  in  beds  (Plate  V.  fig.  29), 
sometimes  alternating  with  the  metamorphic  strata,  and  it  has  also  been  found  asso- 
ciated with  Plutonic  and  volcanic  rocks,  as  with  basalt.  The  fer  oligiste,  specular  or 
Elba  iron  ore,  sometimes  replaces  mica  in  mica  schist,  and  is  associated  with  adu- 
laria  at  St.  Gothard.  The  peroxide  of  iron  also  forms  veins  and  beds  in  this  class  of 
rocks,  but  it  is  also,  as  well  as  the  other  ores  of  iron,  found  in  other  classes  of  deposits. 

Manganese, — The  peroxide  has  been  found  in  this  class  of  rocks,  but  in  a  prac- 
ticsl  sense  this  metal  belongs  rather  to  the  sedimentary  deposits. 

Copper, — Copper  pyrites,  or  bisulphuret  of  copper  and  iron,  the  most  important 
of  copper  ores,  occurs  principally  on  the  Continent  in  gneiss  and  mica  schist ;  in 
Cornwall,  and  in  the  South  of  Ireland,  in  metamorphic  schists,  being  varieties  of 
clay  slate ;  in  the  Hartz  in  similar  strata  (or  the  old  grauwacke)  ;  and  in  Tuscany  at 
the  junction  of  serpentine  trap  (Gabbro)  with  the  tertiary  strata.  This  mineral  occurs 
also  in  the  zechstein,  magnesian  limestone,  or  Permian  Formation,  in  the  bituminous  or 
copper  schist  (kupferschiefer).  In  the  Oural  mountains,  in  Siberia,  the  double  sul- 
phuret  of  iron  and  copper  is  rare,  but  the  simple  sulphuret  of  copper  replaces  it,  the 
strata  being  probably  sedimentary :  this  ore  occurs  also  in  the  porphyritic  district  of 
Tyrone.    The  other  ores  of  copper  do  not  here  require  a  practical  notice. 

Lead. — Galena,  or  bisulphuret  of  lead,  occurs  in  plutonic,  metamorphic,  and  fos- 
siliferous  sedimentary  deposits. 

Siher. — Bisulphuret  of  silver,  the  most  important  of  its  ores,  has  been  found  in 

gneiss  and  mica  schist  and  in  their  associated  limestone,  in  greenstone  slate,  clay  slate, 

syenite,  and  porphyritic  greenstone.     It  extends  up  to  the  zechstein ;  but  it  should 

be  here  observed,  that  in  some  of  these  cases,  as  in  Mexico  and  Peru,  the  veins  run 
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Am  the  MM^MKpUe  to  ordiMij  ledinMntiry  dcpuiti,  aod  hive  therefore  been 
^^11  ifjiiiij  teaweiri  with  the  came  of  meUmorpbic  tction. 

n»,-~Bi^iiit  (dMtsslde)  ■■  the  moit  iniport&nt  ore.  In  Cornwall,  Hie  great 
MQivc  it  EhiMh  IB.  aad  the  matt  importuit  one  of  the  woild,  the  ore  ocean  in 
_^^  uddM  ia  UIlu,  I  putiill  J  meluDorphic  uhtit.  In  other  part*  of  the  world. 
ia  metkinarphic  tchittt,  or  in  porphyrj,  or  porphyritic  ichuta 
of  tbt  b»iwi1m  I  dan, — Eoofoiming  thui  to  the  general  rule  la  to  the  infloence  of 

[j  to  the  primaiT  lod  aecondary  claaa.  Ihoagh  fbond  rarely 
ia  BMa  »*■»'  or  the  ciyitalliDe  metamorphic  rocki,  and  in  Ilaute-Vienne  diapened 
u  alohohi  ■>  iruite-  The  rich  ore  of  mercury,  cianaliar,  of  Almaden  in  Spain,  ia 
ia  ibegiMnA'  (primary}  alrata,  and  haa  been  worked  for  tget. 

Jjai.    BJinlrth"'^!  ntnally  aaMidaled  with  bisulphnret  of  lead.    The  carbonate 
.  ■>— .  tg  nriooi  nintnl  depoaita,  extending  Men  to  the  tertiary  ciaat, 

Bitnlphuret  of  anlimony  ia  rare,  and  found  in  veins  travening  granite, 


ujiUim The  btanlpfaorel  ii  found  generally,  in  amall  maiM*,  ia  granite  and 

HjM  Mhiat,  ixl  oecaaionilly  aaaociated,  though  sparingly,  with  ore*  of  tin,  m  in 
Cornwall,  etc-,  aad  atUl  more  rarely  with  copper  pyrites,  as  in  Norway. 

flsi^—Thil  predous  metal  ha*  been  found  in  Brazil  diueminated  in  considerable 
■oaDtilT  in  qaartiose  and  ehloritic  rocka,  which  must  be  considered  ai  belonging  to 
the  aielaBarphic  aystem  i  and  it  ia  most  probably  from  tbe  decompoaiiion  of  these 
—eh  that  the  anriferona  sands,  containing  also  plalinnm  and  diamonds,  are  dariied. 
Qgjj  inMbeeafhnndin  olber  places  in  veina  traveraing  metimorphic  rocks;  and  it  ia 
^jti^t  doobt  from  BUCh  rocka  that  the  Wicklow  gold  aand*  have  proceeded  i  and 
Maerallr  >*  ""^  ^  stated  that  the  far  greater  proportion  of  gold  ia  obtained  from 
^^1,  Hods.    The  great  aourcea  of  gold  are  now  California  and  Auatralia. 

p^tiimK. — Pound  associated  with  gold  in  the  auriferous  aands  of  Bnual ;  in 
U^^ii,  in  the  Onral  mountains  ;  and  lately  a  discovery  of  it  has  been  announced  in 

l»BC* 

fhis  general  occurrence  of  metallic  ores  in  rocks  which  have  nnder^nc  •  meta- 
^grphie  change,  though  at  very  vaiiuui  epocha,  their  occurrence  in  veins,  and  the 
elN«*ationa  of  Mr.  Pox  aa  to  mineral  veins  conducting  eleclricity,  i«  well  as  the 
ff^  that  metals  and  minerals  are  developed  near  the  contact  of  highly  metamnrpbic 
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Vemi, — As  the  term  Tein  occurs  fireqneiitly  in  this  section,  it  is  desirtble  to  gire  a- 
dear  idea  of  its  meaning.    The  word  itself  conveys  an  idea  which  at  once  distin-  ■ 
guishes  it  from  dykes,  as  it  implies  a  waving  rather  than  a  rectilineal  course ;  hot  in  -. 
reality  this  distinction  is  not  always  preserred,  as  many  veins  are  rectilinear.    Veini , 
may  however  be  viewed  in  two  lights ;  namely,  those  which  are  unconnected  with 
any  great  extraneous  mass  of  matter,  originating  in  and  confined  to  the  rode   in 
whidi  they  occur,  and  those  which,  seem  to  arise-  from  and  to  be  connected  with 
some  great  extraneous  mass.    The  first  daas  may  be  fouid  in  all  rocki»  are  often  lo 
fine  as  to  be  quite  capillary,  and  frequently  intersect  each  othoFi  forming  a  complete 
network:  they  are  considered  veins  of  segregation,  having  been  ]HX>bably  cracks 
into  which  the  crystalline  matter  filling  them  has  been  gradually  separated  frt>m  the 
surrounding  mass.    They  are  composed  sometimes  of  quartz  and  sometimes  of  car- 
bonate of  lime.    The  other  class  of  veins  is  often  connected  with  large  masses  of. 
external  rock,  the  matter  of  which  is  identical  with  that  of  the  veins ;  and  it  .ha« 
therefore  been  very  generally  assumed  that  such  veins  are  vdns  of  intrusion,  air. 
though  a  different  opinion  has  been  promulgated  by  Keilhau,  who  considers  them 
only  as  an  advanced  product  of  metamorphic  action.    In  Plate  IL  fig.  6  repreaenta. 
a  porphyritic  vein  traversing  the  day  slate  of  Cornwall,  at  St.  Agnes ;  it  is  tortuous 
and  uneven,  and  might  be  readily  supposed  to  originate  in  the  rending  of  the  mass 
under  the  pressure  of  the  force  which  injected  the  porphyritic  matter  into  it.    In 
Plate  II.  fig.  3,  a  portion  of  the  granite  of  Greiffenstein  in  the  Erzgebirge  is  repre- 
sented.   This  granite  seems  from  the  regularity  of  its  beds  to  be  stratified,  and 
weathers,  like  some  portions  of  the  granite  of  the  county  of  Down,  into  columnar 
aggregations,  which  look  as  if  they  had  been  heaped  up  by  man.    It  is  supposed 
that  there  were  several  distinct  elevations  of  this  granite,  the  highest  rising  about 
100  feet  above  the  gneiss,  friigments  of  which,  as  exhibited  in  the  figure,  are  im- 
mersed in  the  granite,  and  therefore  illustrate  a  similar  phenomenon  in  veins.  Where 
metallic  veins  pass  through  various  strata,  indudingthe  sedimentary,  they  have  most 
probably  originated  in  cracks  consequent  on  the  disturbing  movements  beyond  their 
limits,  and  have  been  filled  partly  by  segregation,  modified  as  to  its  results  by  elec- 
tric currents,  and  partly  by  sublimation.     Some  of  these  veins  are  of  great  magni- 
tude, an  example  of  which  may  be  dted  in  the  great  ironstone  vein  of  the  red 
mountain  near  Schwarzenberg,  which  is  between  40  and  50  feet  thick,  and  stretch- 
ing partly  along  the  boundary  between  the  granite  and  gneiss,  and  partly  in  the 
gneiss  itself,  has  been  followed  for  more  than  20,000  feet. 


FOSSILI FERGUS  DEPOSITS. 
XARLIB8T   KNOWN,   OR  CAMBRIAN. 

This  term  has  been  applied  by  Professor  Sedgwick  to  the  stratified  rocks  which 
occur,  as  in  Cumberland,  North  Wales,  and  other  places,  for  the  most  part  slaty,  and 
without  fossils,  under  the  deddedly  Silurian  strata.  They  contain  but  a  small  pro- 
portion of  lime,  and  their  fossils  are  local  and  rare ;  nor  as  yet  has  suffident  evidence 
been  obtained  to  constitute  a  zoological  order  distinct  from  that  of  the  SUurian. 
The  apparent  thickness  of  the  slaty  and  gritty  beds  is  considerable,  but  it  is  highly 
probable  that  they  are  repeated  by  contortions.  The  prevalence  of  the  slaty  charac- 
ter shows  that  the  progress  of  formation  has  not  been  varied  by  much  original 
disturbance,  and  the  depth  of  its  beds  indicates  the  probability  of  some  portion  hav- 
ing been  a  deep-sea,  or  rather  semi-pdagic  deposit.  Professor  Sedgwick  considera.. 
the  Lower  Silurian  to  belong  to  the  Cambrian  group. . 

k2. 
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Thit  formation,  tinee  the  publication  of  the  gplendid  work  of  Murchiaon,  hu  >l- 
tractitl  the  mirked  attention  of  ^alogiita.  and  ii  indeed  one  of  the  mast  remlrk- 
kble,  u  eihibiting  the  relics  of  organic  beings  in  grot  abondsoce,  and  of  very  pecn. 
liar  (brma.  It  hu  been  rescued  from  the  fonnerlji  obaciu-e  regions  of  the  granwacke, 
and  reduced  to  light  and  order  b;  the  diacoieriei  and  reaearch  of  Sir  R.  Hnrchison 
and  hi>  foUoven.  The  lower  group  of  thii  Order  include!  the  Llandeilo  flagi,  and 
above  them  the  Caradoc  sandstone,  the  former  being  micaceous,  slat;  grits.  The 
not  in  order,  ascending,  is  the  Wenlock  group,  consisting  of  a  deep  bed  of  shale, 
surmounted  by  a  bed  of  limestone ;  and  the  third  or  upper,  the  Ludlow,  comprising 
the  lower  Ludlow  shale,  the  Ajrmestrr  limestone,  and  the  upper  Ludlow,  a  calcareoui 
grit  or  aandilone.  As  in  England  these  groups  have  been  found  in  actual  aequence 
of  superposition,  they  must  be  there  admitted  as  distinct  in  order  of  time.  Bat  it 
must  not  be  supposed  that  in  every  other  region  the  same  precise  mineral  sequence 
is  eihibited,  for  such  noold  be  contrary  to  the  ordinary  laws  of  geological  deposit. 
Id  Norway  and  Sweden  there  is  a  similarity  in  litbological  ehsncter,  and  the  con- 
ditions or  deposit  may  hare  been  nearly  the  same;  but  in  many  parts  of  North 
America  the  limestone  has  been  developed  much  more  extensively,  and  exhibits 
therefore  a  different  condition  of  deposit. 

In  this  formation,  the  first,  if  we  combine  with  it  in  a  zoological  sense  the  Cam. 
brian,  in  which  we  are  enabled  to  contemplate  the  earth  in  its  moat  attractive  form 
ta  the  theatre  of  life,  there  are  remains  of  fish,  strange  in  form,  as  the  genera 
onchus,  plectrodus,  but  high  in  organization ;  many  moUusca,  including  peculiar 
forms  of  the  brachiopoda  and  cephalopoda ;  Crustacea,  highly  curious  and  character- 
istic, belonging  to  the  eitenaive  family  of  trilobites,  which,  beginning  to  eiist  at  thia 
early  epoch,  at  once  flourished  in  number,  both  of  species  and  individuals,  and  then 
rapidly  passed  away,  the  family  Iwing  traced  no  further  than  the  carboniferous  Order; 
radiata,  rare ;  zoophyta,  less  abundant  than  in  succeeding  Orders,  but  exhibiting 
some  peculiar  forms.  In  respect  to  the  conditions  of  deposit,  it  may  be  observed, 
that  though  the  extensive  limestone  deposits  of  this  epoch,  adjacent  to  the  great 
lakes  of  America,  were  probably  pelagic,  the  large  orthocene  having  been  well  suited 
for  deep  seas,  the  general  evidence  afforded  by  the  fossils  of  England  and  Ireland, 
particularly  by  the  trilobites,  the  flat  brachiopoda,  aa  orthis,  lepta:na,  lingnli,  Sec, 
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ntiTely  shallow  deposit,  which,  from  the  natare  of  the  gritty  mieaceous  schist,  was 
probably  formed  in  an  estuary. 

It  would  be  impossible  to  bring  forward  all  the  peculiarities  of  the  many  remark- 
able fossils  of  this  formation,  without  entering  largely  into  their  natural  history ; 
nor  in  the  present  case  is  it  necessary  to  state  what  fossils  have  been  considered  to 
characterize  the  subdivisions  or  groups  of  the  formation :  it  is  enough  in  a  practical 
point  of  view  to  be  able  to  recognize  the  existence  of  the  formation  itself;  and  this 
is  of  much  practical  importance,  as  its  appearance  at  once  ensures  to  the  Engineer 
evidence  that  he  is  below  the  great  carboniferous  system  on  the  one  hand,  whilst  on 
the  other  he  may  expect  to  discover  below  him  a  series  of  metamorphic  rocks  em- 
bracing the  useful  deposits  of  various  descriptions  of  slate  and  other  building  stones. 
The  fossils,  which  have  not  hitherto  been  discovered  in  any  more  recent  deposit,  ex- 
cepting in  some  instances  the  doubtful  Devonian,  are  graptolites,  which  are  curious 
zoophytes,  supposed  to  be  reUted  to  the  pennatula;  the  chain  coral,  catenifera 
escharoides ;  the  genera  remopleurides,  phacops,  calymene,  asaphus,  ampyx,  trinu- 
deus,  harpes,  brontes,  and  several  others  of  trilobites;  of  the  brachiopoda,  the  genus 
pentamerus ;  and  of  the  cephalopoda,  the  genera  phragmoceras  and  lituites. 

It  may  be  added,  in  a  practical  point  of  view,  that  many  of  the  schistose  beds  of 
this  formation  afford  good  flags  and  slates. 

Besides  the  localities  of  Europe  and  America,  the  formation  has  been  noticed  at 
the  Falkland  Islands  and  in  Bolivia. 

DEVONIAN,  OR  OLD  RED  SANDSTONE. 

This  Order,  so  long  known  under  the  name  Old  Red  Sandstone — a  term  nearly  as 
obscure  as  that  of  Grauwacke, — has  been  recently,  by  the  researches  of  Professor 
Sedgwick  and  Sir  R.  I.  Murchison,  aided  by  the  scientific  labours  of  Sir  H.  De  la 
Beche  and  Messrs.  Phillips  and  Lonsdale,  raised  to  the  rank  of  a  distinct  fossiliferous 
formation.  Viewed  as  sandstone  and  conglomerate,  in  the  light  of  a  drift,  it  appeared 
difficult  to  connect  with  it  the  limestone  of  Devonshire ;  but  when  it  was  shown  that 
similar  limestones  occurred  on  the  Continent  in  similar  positions,  and  that  the  lime- 
stones of  the  Eifel  were  so  placed,  this  difficulty  was  removed,  and  the  formation 
was  found  to  embrace  the  usual  assemblage  of  argillaceous,  sandy,  and  calcareous 
strata.  In  Scotland,  and  on  the  borders  of  Wales,  the  formation  is  exhibited  in  its 
original  character  of  a  red  sandstone  and  conglomerate  with  shale  and  marl ;  the 
conglomerate  and  sandstone  at  the  top,  the  variegated  marls  and  impure  concre- 
tionary limestone  (cornstone)  in  the  centre,  and  variegated  micaceous  or  quartzose 
sandstone  (splitting  into  tiles,  tilestone,)  below.  In  the  lower  division,  in  the  North 
of  Scotland,  many  peculiar  forms  of  fishes  have  been  found,  whilst  in  the  upper, 
comprising  the  belt  of  yellow  sandstone,  the  genus  holoptychus  appears,  which  ex- 
tends into  the  carboniferous  Order.  Were  this  portion  of  the  system  alone  studied, 
it  would  lead  to  its  connection  with  the  carboniferous  rather  than  vrith  the  Silurian, 
and  it  is  still  so  placed  by  Cotta ;  but  when  the  Devonshire  and  Cornwall  strata  are 
examined,  and  compared  with  those  of  the  Eifel,  the  presence  of  species  common  to 
the  Devon  and  Silurian  on  the  one  hand,  and  to  the  Devon  and  carboniferous  on  the 
other,  impress  upon  them  a  different  character.  Professor  Phillips  has,  in  conse- 
quence of  this  mixed  distribution  of  fossils,  proposed  to  embrace  under  the  general 
term  paheozoic,  the  Cambrian  and  Silurian  as  the  lower  palaeozoic,  the  Devonian,  as 
the  middle  palaeozoic,  and  the  carboniferous  as  the  upper  palaeozoic.  Of  275  species 
examined  by  him  in  the  Devoniaif  strata  of  Devon  and  Cornwall,  he  states  that  25 
have  been  found  in  the  lower  division  in  England,  51  in  the  upper  division  in  Eng- 
land, and  57  in  the  Eifel  and  Bensberg. 


]S9  GSOGNOflY    AND   OBOLOGT. 

That  tbia  ■mngement  will  require  tome  modification  hereafter,  there  cannot  be 
a  doubt,  (t  new  diacoveriei  progress ;  and  it  is  desirable,  in  farther  compariiont,  to 
keep  in  Tiew  the  Tery  dilapidated  condition  of  many  of  the  foHila  examined,  as 
leading  to  the  belief  that  they  nere  onlj  present  in  the  deposit  by  (be  influence  of 
drift.  The  trilotdtel  being  amongst  the  most  distingoishing  bodies  of  the  Silurian 
.epoch,  it  is  curiom  to  obsene  that  ilmost  every  specimen  detcribed  by  Profenor 
Phillips  is  in  a  shattered  state.  Of  those  which  can  be  in  any  manner  identified,  it 
may  be  observed,  thai  the  genus  harpes  has  been  shown  to  exist  in  the  Silurian  (see 
Report  on  Geology  of  Derry  and  Tyrone) ;  the  genus  brontes  has  also  oecnrred  agam 
in  that  fonna^a  in  Ireland;  there  is  a  tme  calymene,  flg.  S47  of  Philips;  a  speci- 
men belonging  to  the  gronp  which  embraces  the  genera  asaphus,  isolelus,  illcnus, 
fig.  252 ;  a  pbieop*,  fig.  249  b ;  probably  a  remopleu rides,  fig.  S&O  < ;  and  tbe  thoracic 
portion  and  pygidinm,  2bfSa  and  6,  which  ongbl  not  to  be  connected  with  the 
cepbalo-thorax  supposed  to  belong  to  it,  are  porliona  of  a  catymene ;  whilst  the  spe- 
cimens figured  in  24S  are  probably  carboniferous  trilobitei.  On  the  whole,  then, 
considering  that  these  foesils,  and  many  of  (he  zoophy(es,  etc,  are  present  merely 
from  drift,  it  it  not  impossible  that  they  were  living  in  greater  abnndanee  elsewhere 
■t  the  time  of  the  deposition  of  the  Devonian  strata,  and  that  tbe  actual  zoological 
relations  were  closer  between  tbe  Silurian  and  the  lower  Devonian,  than  would  b« 
inferred  from  these  fragments  of  fossils  alone  ;  indeed,  tbe  analogy  twtneen  the  lower 
Devonian  and  (be  Silurian  is  considerable,  whilst  a  similar  analogy  prevails  between 
the  npper  Devonian  and  the  carboniferous.  Cotta  still  classes  the  Eifel  beds  with 
tbe  Silurian  ;  but  it  cannot  be  doubted  (bat  if  Silurian,  tbey  occupy  a  higher  posi- 
tion in  the  aeries  than  any  of  our  English  or  Irish  beds,  and  most  therefore  be 
]Mral]el,  as  shown  by  oar  English  autbors,  with  the  lower  Devonian. 

In  referring  to  tbia  use  of  fossil  evidence,  it  is  well  to  hear  in  mind,  that  any  fossil 
(pedes  of  an  early  epoch  may  be  continued  upwards  into  more  recent  formations,  and 
that  the  appearance  of  a  small  number  of  such  fossils  cannot  therefore  be  considered 
aufficient  to  determine  the  age  of  the  strata  containing  ibem :  it  it  in  tbe  general 
grouping  and  arrangement,  under  the  same  petrographic  conditions,  that  confidence 
.can  be  placed.  The  appearance,  on  tbe  contrary,  in  any  bed,  of  fossils  known  to  be 
abundant  in,  and  characteristio  of,  a  recent  formation,  must  always  be  sufficient  to 
decide  against  its  antiquity. 

Practically,  many  beds  of  tbia  formation,  especially  of  the  yellow  sandstone,  are 
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•••emblage  of  ealcareoiis,  are&aoeoot,  and  argillaceoiit  ttrtta.  If  H  be  eontidered 
thai  the  greet  massei  of  IhnettoDe  were  formed  in  deep  seas,  wlulst  tlie  coal  shalea 
were  formed  in  estuaries,  and,  in  some  oases,  in  lakes,  it  is  evident  that  where  the 
Mmestone  division  prevails,  the  shales  may  be  expected  to  diminish,  and  to  lose  their 
estoary  character,  so  that  coal  will  become  less  abundant.  This  is  the  case  in  Ire- 
land, and  accounts  for  the  comparative  scarcity  of  coal  in  that  country. 

The  great  limestone  deposit  which  forms  the  basis  of  this  system  has  been  called 
the  mountain  limestone,  and  is  characterized  by  many  peculiar  fossils.  In  the  South- 
west of  England,  in  Somersetshire  and  South  Wales,  this  limestone  is  strongly 
marked,  and  is  separated  from  the  coal  measures  above  by  a  thick  deporit  of  arena- 
ceous strata;  but  in  the  North  of  England,  the  coal  descends  into  the  millstone  grit, 
and  even  alternates  with  the  upper  beds  of  the  mountain  limestone ;  and  in  Scotland, 
this  mixture  of  marine  strata  with  those  containing  coal  is  still  more  marked.  In 
Ireland,  many  of  the  masses  which  constitute  the  mountain  limestone  are  also  sepa- 
rated into  distinct  beds  by  shale ;  but  as  coal  does  not  occur  in  the  layers  of  shale, 
they  may  have  been  deposited  in  a  tolerably  deep  sea,  whilst  in  other  instances  they 
were  doubtless  of  estuary  formation.  It  is  thus  that  in  the  Mediterranean  much  of, 
the  ooral  living  at  the  bottom  of  its  waters  is  subject  to  be  coTcred  over  by  the  mud 
moved  along  by  the  currents. 

The  presence  not  merely  of  a  vast  variety  of  terrestrial  plants  in  the  coal  shales 
and  grits,  but  in  some  cases  of  fresh- water  fossils,  such  as  4he  genus  cypris,  led  to  the 
belief  that  some  of  them  had  been  lacustrine,  but  whether  formed  in  actual  lakes,  or 
at  the  mouths  of  rivers  occasionally  dammed  up,  and  formed  temporarily  into  fresh- 
water lakes,  cannot  be  determined.  The  fossils  of  this  formation  are  very  character- 
istic, and  a  few  will  be  figured  to  guide  the  Engineer  in  determining  the  probability 
of  having  at  any  time  discovered  it.  In  the  plants,  so  rich  in  various  forms,  re- 
sembling the  tree-ferns  of  the  tropics,  there  is  evidence  of  a  climate  resembling  that 
of  our  most  southern  regions,  and  this  is  confirmed  by  the  great  abundance  of 
sauroid  fishes,  and  of  cartilaginous  fishes  of  the  families  of  squalids  and  raiidae.  The 
crinoids  are  largely  developed,  and  the  corals  are  rich,  many  of  them  being  lamelli- 
ferous,  as  in  the  case  with  those  now  forming  coral  reefs  ;  and  it  is  peculiarly  neces- 
sary, in  studying  this  formation  zoologically,  to  keep  in  view  the  difference  of  habitat 
of  corals,  many  of  which  are  confined  to  reefs,  whilst  others  live  in  shallow  water  on 
the  coast,  and  are  frequently  enveloped  in  mud. 

That  coal  is  the  product  of  ancient  vegetation  entombed  in  mod  and  sand,  and  in 
the  course  of  ages  altered  to  its  present  state  by  gradual  chemical  change,  cannot  be 
doubted ;  but  whilst  some  maintain  that  t^e  plants  have  grown  where  the  coal  now 
exists,  others  have  considered  it  to  have  been  formed  of  plants  washed  down  into 
estuaries,  and  there  accumulated,  whilst  again  a  third  party  has  advanced  the  idea, 
and  endeavoured  to  support  it  by  microscopic  investigation,  that  the  coal  resembles 
the  product  of  a  bog  or  peat  moss.  It  is  highly  probable  that  each  of  these  opinions 
is  correct  in  certain  localities ;  but  in  either  case,  the  alternations  which  must  have 
taken  place  are  very  remarkable.  Mr.  Phillips,  for  example,  states  that  in  the  North 
of  England,  the  total  thickness  of  the  coal-bearing  strata  may  be  estimated  at  3000 
feet,  whereas  the  coal  itself  is  separated  into  nearly  thirty  seams,  the  whole  thickness 
of  which  does  not  exceed  60  feet ;  the  thickness  of  the  seams  being  very  variable, 
from  a  few  inches  to  many  feet,  though  rarely  exceeding  20  or  30  feet.  At  Dom- 
browa,  in  Russian  Poland,  there  is  a  seam  42  feet  thick,  which  has  been  traced  con- 
tinuously for  7000  feet  in  length.  Taking  all  the  minute  seams  into  account,  the 
total  number  in  the  Newcastle  district  is  forty ;  at  Dudley  there  are  eleven,  one  only 
being  worked.    In  the  coal  district  of  Saxony,  the  seams  vary  from  three  to  eight. 
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At  Hoiu  tliere  tre  115  workable  seimi,  few  hawever  eiceediug  three  feet  in  thick- 
ueu.  In  Colebrooke  Dale  there  are  135  Kama,  Ihe  total  thickneu  of  which  ii  500 
feet.  In  the  Diipartement  du  Lot,  it  ii  uid  that  a  ihaft  haa  been  lunk  for  72feet  in 
■  tingle  team,  which  ii  supposed  bj  some  to  be  300  feet  thick,  but  it  it  probable  that 
thii  is  either  a  deport  in  a  deep  hollow,  or  that  Ihe  team  has  been  thrown  ap,  and  i* 
pierced  in  a  longitadlnal  rather  than  a  tranaverte  direction,  such  u  would  be  the 
case  in  working,  from  abore,  the  seam  represented  in  Plate  VI.  6g.  33. 

The  contemplation  of  such  masses  of  vegetable  matter,  composed  of  plants  long 
since  passed  away  from  the  living  world,  of  which  more  than  300  have  been  figured 
and  detciibed,  200  beloagiag  to  the  order  of  ferns,  and  otheit  to  giant  mosses  and 
to  cellular  plants,  leads  to  the  recognition  of  peculiar  conditions  of  organic  life.  It 
is  true  that  some  of  these  conditions  have  been  repeated,  though  in  a  fainter  degree, 
at  Eubtequent  epochs,  and  giren  rise  to  Umited  carbonaceous  deposits  i  hut  as  the 
progress  of  the  various  changes,  physical  and  oi^nic,  working  in  the  earth's  crutt, 
was  directed  towards  the  present  state  of  thmgi,  an  approximation  to  the  conditiona 
DOW  observable,  and  a  receding  from  those  which  once  so  greatly  promoted  the 
growth  of  tucculenl  plants,  are  in  strict  accordance  with  the  laws  of  nature.  For 
example,  as  the  iofluence  of  central  beat  diminished,  luccetaive  portions  of  the  earth 
may  have  become  fitted,  though  in  an  inferior  degree,  for  the  support  of  such  plants  ; 
and  partial  depo^tt  have  appeared  at  inch  epochs :  nor  should  it  be  forgotten  that 
when  the  Polar  regions  were  finl  bronght  by  the  diminution  of  central  heat  to  the 
proper  temperature,  they  were,  from  the  deficiency  of  solar  heat,  better  fitted  for 
Mch  vegetation,  the  temperature  being  equable  and  unattended  by  the  icorching 
efftets  of  the  sun's  rayi  now  felt  in  southern  r^ons.  Though  the  leamt  are  some- 
times extended  over  a  wide  space,  the  general  character  of  the  deposit  is  that  of  a 
basin,  and  nowhere  it  the  phenomenon  of  faults  more  strikingly  eihibiied,  the  teamt 
being  sometimes  thrown  up  or  down  several  hundred  feet.  Plate  IV.  Eg.  20,  and 
Plate  VI.  fig.  34,  illuttrate  this  form  of  internal  movement ;  and  Plate  VI.  fig,  32  is 
a  horiiontal  representation  of  Ihe  manner  in  which  the  seams  are  worked.  Fig.  31 
represenlB  the  mode  of  sinking  Ihe  shaft,  and  also  exhibits  a  remarkable  form  of  con- 
torticHi,  the  seam  having  been  bent  vertically  upwards.  Plate  V.  fig.  29  is  a  repre- 
tentation  of  the  iron  mines  of  Dannemora,  from  Leoohard,  which,  although  the  de- 
posit is  not  of  thit  date,  may  he  used  to  illuttrate  geiienlly  this  dati  of  mining. 
The  faults  here  described  are  sometimes  accompanied  or  caused  hy  dykes,  but  in 
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Toiia« 

In  England 20,769,231 

Belgium 5,215,385 

France 2,215,385 

Prussia 1,569,231 

Russia 738,461 

Austria,  with  Bohemia 184,616 

Bavaria 32,308 

Saxony 28,616 

Sweden  and  Norway 28,293 

Hanover 21,646 

Spain 18,462 

Both  Hesse 15,231 

Sardinia 4,662 

Weimar 1,939 

Portugal 415 

Total 30,843,881 

The  product  of  the  British  coal-fields  is  double  that  of  all  the  rest  of  Europe ; 
and  there  can  be  little  doubt  that  the  gross  value  of  the  collieries  of  Great  Britain 
and  Ireland  cannot  be  estimated  as  less  than  £8,000,000  sterling. 

But  this  is  not  the  only  valuable  product  of  the  formation.  The  argillaceous  car- 
bonate of  iron,  or  clay  ironstone,  which  is  the  principal  ore  of  iron  used  in  the  British 
Isles,  occurs  in  beds  in  the  coal  shales,  the  mineral  ore  and  the  fuel  for  smeltiog  it 
being  thus  in  dose  contiguity.  In  1826,  the  quantity  smelted  into  cast  iron  was 
between  600,000  and  700,000  tons ;  and  as  there  had  been  a  steady  increment  up  to 
that  time,  which  must  have  gone  on  during  the  last  few  years  with  at  least  an  equal 
intensity,  the  present  quantity  cannot  be  estimated  at  less,  stated  in  round  numbers, 
than  1,000,000  tons  of  bar  iron,  being  in  value  equivalent  to  £10,000,000  sterling. 
In  France  there  are  iron  works  in  sixty  out  of  the  eighty-six  departments.  The  num- 
ber of  establishments  in  1836  was  894,  and  of  workmen,  15,738,  the  product  being 
303,739  tons  of  pig  iron,  and  201,691  tons  of  bar  iron,  valued  at  £3,580,000. 

The  mountain  limestone,  which  is  the  pelagic  equivalent  of  the  formation,  is  re- 
markable as  exhibiting  by  its  layers  of  siliceous  or  chert  concretions  a  strong  ana- 
logy to  the  subsequent  pelagic  deposit  of  the  chalk ;  it  is  the  source  of  much 
mineral  wealth,  producing  more  than  one-half  of  the  lead  of  England.  The  quantity 
cannot  be  assumed  as  less  than  26,000  tons,  equivalent  to  about  £520,000  sterling; 
so  that,  from  this  formation  alone,  mineral  wealth  is  annually  produced  in  Great 
Britain  to  the  amount  of  nearly  £19,000,000  sterling,  independent  of  the  value  of 
lime,  marbles,  and  building  stone  of  excellent  quality,  particularly  that  obtained  from 
many  of  its  grits, — as,  for  example,  in  the  neighbourhood  of  Glasgow,  the  beauty  of 
which  city  is  due  to  the  abundance  of  such  excellent  building  materials. 

If  the  mind  passes  from  the  consideration  of  the  materials  themselves  to  the  con- 
templation of  the  vast  results  proceeding  from  coal  and  iron  when  used  in  the  ma- 
chinery of  manufactories  and  railways,  it  discovers  in  the  possession  of  so  large  and 
productive  a  portion  of  this  formation,  the  source  and  foundation  of  the  commercial, 
and,  in  consequence,  of  the  political  greatness  of  Great  Britain.  Can  any  one  then 
hesitate  to  admit,  that  a  science  which  enables  the  Engineer  to  trace  out  such  a  for- 
mation in  other  countries,  by  giving  him  a  clue  to  its  existence,  must  be  a  science  of 
the  utmost  practical  value  ? 

In  America  there  is  an  extensive  coal  formation,  including  both  blind  and  bitumi- 
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nom  coal,  within  the  limit!  of  the  United  Statet )  UkewiM  in  Nova  Scolit,  kt  PiclttD, 
ud  Cape  Breton.  In  Asia,  China  and  Japan  are  luppoted  to  poueu  extensive  de- 
pouta,  and  both  Africa  and  Auttralift  have  produced  coal.  Such  then  is  the  lateral 
distribation  of  this  valuable  mineral  formation,  and,  u  regards  il«  position  veHicallr, 
it  is  very  variable,  many  of  the  teams  at  Newcastle  being  vnirked  under  the  sea, 
whilst  at  Chipo,  which  riiei  above  the  plain  of  Santa  Fe  de  Bogoti,  it  is  foand  at 
8000  feet  above  the  sea,  and  at  Hoanoco  at  12,B00  feel,  or  at  tbe  limits  of  eternal 


As  the  mounts  limestone  it  of  great  practical  importance,  being  tbe  buii  of  the 
carboniferoiu  tfttem,  ao  is  this  formation,  including  its  undertpng  red  conglomerates 
and  sandstones  and  marls,  of  similar  importance,  as  immediately  overlying  the  rocks 
of  that  great  system.  Id  tbe  SDuth-wett  of  England,  its  slrstB  are  unconformable 
to  those  of  the  carboniferous  system;  but  in  the  North-east  they  are  conformable, 
and  there  seem  to  form  part  of  that  fonnation.  In  all  formations,  cases  of  this  par- 
tial coDfonnabilitjr  between  tbe  upper  and  lower  may  be  expected  to  occur,  according 
a*  the  diltorbing  movements  are  more  or  less  extensive  or  local ;  and  it  was  therefore 
necessary  to  determine  the  great  geological  divisions  from  a  general  and  not  from  a 


Id  the  lower  red  sandstone  of  this  Order  there  is  a  tliODg  resemblance  to  tbe 
upper,  or  distinctly  new  red  sandstone,  whilst  in  tbe  fouils  there  is  a  close  approxi- 
mation to  tbe  carboniferous,  the  genera  productos  and  sprifer  of  the  brachiopoda 
occnrring  in  each  )  and  of  fisbet,  the  genus  palBODiscna.  This  remarkable  genus  of 
flihet  cannot  however  be  said  to  go  no  higher  than  the  ma^esiait  limestone,  as  tbe 
sandstone  and  marly  beds  of  Rhone  Hill,  in  the  connty  of  Tyrone,  in  which  the 
palKoniscns  catoplems  occur*  in  profusion,  associated  with  posidonomya  minuta, 
huddled  together  in  a  smaU  patch  or  pool,  appear  to  belong  distinctly  to  the  true 
new  red  stndelone.  On  the  other  hand,  the  spirifer  undulatui  (Sow.),  supposed  a 
characteristic  species  of  the  magvesian  limestone,  occurs  in  Ireland  in  beds  which  ate 
overlaid  by  qtparently  carboniferous  limestone;  the  well-known  magnetian  limestone 
of  Holywood,  near  Bel&st,  has  however  been  traced  hy  Professor  King  into  Tyrone, 
and  it  i)  therefore  probable  that  some  slterstion  may  be  necessary  in  the  boundary 
between  the  Permian  and  triasie  strata.    On  the  Contineot,  the   name  "  rothes 
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mento  to  one  of  the  mo«t  difficnlt  of  mining  operations,  called  there  krummkfOnrmrheii, 
or  crooked-ttiek  work,  the  miners  crawling  and  working  in  low  cafitiet,  only  18  or 
20  inches  high,  lying  upon  their  sides  and  being  supported  by  pieces  of  bent  timber 
or  crooked  sticks.  In  England,  the  formation  is  practically  faluable  from  the  excel- 
lent building  stone  which  some  of  the  magnesia  beds  afford,  the  tint  being  specially 
fayourable  for  Gothic  buildings.  York  and  Beverley  Minsters  exhibit  favourable  exam- 
ples of  the  stone,  but  there  is  great  difference  as  to  durability,  according  as  the  more 
purely  magnesian  limestone  or  the  gritty  beds  have  been  used.  This  stone  has  been 
selected  for  the  New  Palace  of  Westminster  as  the  best  building  stone  of  England. 

The  occurrence  of  dolomite,  or  the  compound  carbonates  of  lime  and  magnesia,  in 
so  many  localities  associated  with  rocks  of  an  igneous  and  even  eruptive  character, 
induced  Yon  Buch  to  propose  a  peculiar  theory,  viz.  that  the  magnesia  had  been 
introduced  into  the  mass  by  sublimation,  being  one  of  the  igneous  phenomena  mani- 
fested in  the  eruptive  rocks.  He  did  not  mean  that  the  contact  with  such  rocks  had 
caused  the  change,  but  that  such  contact  explained  the  other  phenomena  by  point- 
ing to  the  proximate  cause  of  both.  In  like  manner,  the  porphyritic  rocks,  and  even 
the  amygdaloid,  which  are  sometimes  associated  with  the  red-dead-lyers,  and  even 
cut  through  them,  might  be  considered  to  indicate  similar  actions,  and,  in  conse- 
quence, some  have  supposed  the  irregular  surfaces  of  the  magnesian  limestone  to 
be  the  result  of  such  causes  having  induced  a  peculiar  crystalline  arrangement ;  but 
Dr.  Daubeny  explains  these  irregularities  on  the  same  principle  as  they  are  explained 
in  the  chalk  and  other  calcareous  rocks,  by  the  action  of  water  holding  carbonic  acid 
in  solution ;  and^  on  the  whole,  the  mode  of  formation  of  this  peculiar  rock  must 
be  yet  considered  doubtful.  The  class  of  reptiles  once  supposed  to  begin  in  this 
formation,  has  been  carried  back  to  the  carboniferous,  and  probably  even  to  the 
Devonian. 

NEW    REO    SANDSTONE,    OR   TRIAS. 

This  formation,  from  the  prevalence  of  a  variegated  character  in  its  sandstones  and 
marls,  has  been  sometimes  called  ''  poikilitic/'  On  the  Continent,  where  its  several 
members  are  better  developed  than  in  England,  it  has  received  the  name  of  "  trias,'' 
from  the  possibility  of  dividing  it  into  three  great  and  satisfactory  sections.  The 
lowest  of  these  is  4he  "  hunter  sandstein,"  or  variegated  sandstone,  a  red  sandstone 
variegated  by  greenish  stripes  and  spots,  and  containing  clay  galls;  the  sandstone 
being  associated  both  above  and  below  with  variegated  red  and  green  marls,  con- 
taining both  laminated  and  fibrous  gypsum,  and  rock  salt.  As  the  muschelkalk,  or 
central  division,  is  deficient  in  England,  and  gypsum  and  rock  salt  occur  on  the  Con- 
tinent in  the  marls,  both  in  the  upper  and  lower  division,  it  is  difllcult  to  decide 
generally  whether  our  salt-bearing  strata  belong  to  or  should  be  separated  from  the 
more  decided  sandstones  and  conglomerates  which  underlie  them.  The  white  sand- 
atone  of  the  Vosges  belongs  to  the  lower  division,  or  variegated  sandstone ;  and 
wherever  this  freedom  fi-om  the  usual  colour  prevails,  the  grits  become  valuable 
building  stones. 

In  Thuringia  and  Swabia  the  muschelkalk  division  is  fully  developed,  the  lime- 
stone under  several  forms  or  varieties  alternating  with  marls  and  clays  which  some- 
tiroes  contain  gypsum  and  rock  salt,  and  is  occasionally  dolomitic. 

In  the  upper  division,  or  keuper,  marls  and  clay  prevail,  though  still  associated 
with  sandstones.  Gypsum  and  rock  salt  still  occur,  and  sometimes  an  impure  coal. 
As  fossils  are  extremely  rare  in  the  sandstone  divisions,  it  was  scarcely  possible  to 
allocate  to  their  proper  place  in  this  triple  system  the  English  beds ;  but  the  fossils 
of  a  dark  marly  stratum  which  occurs  at  Azmouth,  and  on  the  banks  of  the  Severn 
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In  Glouceitenhire,  and  ii  c*Ued  the  bone-bed,  bive  been  proied  to  belong  either  to 
tbe  keoper  or  muichellulk  :  thoe  are,  Hf  bodui  plicatilii,  Saurichtbys  ipicalu, 
Gjrolepia  tenuiatriatiu,  G.  Albertii, — of  which  it  ii  ver;  remuiiable  that  Saiirichtb;i 
•[ricalii,  Gyrolepii  Albertii,  0.  tenuiatriltut,  htve  bfen  iIbo  found  in  a  uam  of  cal. 
careoQB  grit  connected  with  blacli  ahale  in  an  equally  local  depoiil  on  tbe  face  of  Ben 
Evenagb,  at  Litnagnb,  connty  of  Derr;,  in  connection  with  the  Acrodni  minima*, 
•notber  muichelkalk  fouiL  It  may  therefore  be  reaaonably  inferred  that  though  tbe 
tDUacbelktlli  ii  not  fully  dereloped  in  the  British  Idands,  there  are  at  leait  two  mem- 
bera  of  the  aeries,  with  a  trace  of  the  other. 

A*  coonecttd  with  this  formation,  tbe  remarkable  footprints  of  the  Chirotherium 
ahonld  be  noticed.  Vaiioua  coujecturei  a*  to  the  nature  of  thig  animal  bate  been 
hazarded,  but  Mr.  Owen  haa  prored  that  they  were  formed  by  the  uiinial  called  by 
him  a  Labyrintbodoa,  firom  the  peculiarly  complex  structure  of  its  teeth;  and  he  has 
further  proTed  that  these  creaturei  were  bitrachiant,  or  gigantic  frogs.  The  genua 
ammonite  of  the  cephalopodous  molluscs  first  appears  here  ;  and  in  the  flora  as  well 
a*  fauna  there  is  a  striking  difference  from  the  underlying  itista,  the  ipeciet  of  forty- 
aeren  genera  noted  by  Professor  Bronn  being  quite  distinct. — Fooliltpt  qf  mpptued 
Wadng  Bird*  otiervid  in  Amtrica. 

This  formation  in  England  is  known  as  tbe  depository  of  rock  salt.  In  Cheshire, 
tbe  alternating  beds  of  red  and  green  marl  with  gypsum  and  rock  lometimei  exceed 
600  feet  in  thieknesa ;  and  at  Nortbwich,  the  two  beds  of  salt  are  at  leut  60  feet  in 
thickneai,  and  extend  laterally  for  I^  miles.  In  Ireland,  on  tbe  line  between  Bel^t 
and  Carrickfergus,  a  Tery  exlenliye  deposit  of  salt  has  been  found.  And  generally 
the  curious  eoaneciion  of  the  sulphate  of  lime  with  tbe  chloride  of  sodium  deserres 
attention,  as  alfording  a  probable  indication  of  the  occurrence  of  salt  In  other  forms- 
tion*.  Tbeaienge  quantityof  salt  manufactured  in  Cheshire  maybe  stated  at  about 
250,000  tons  annually.  Tbe  celebrated  salt-minei  of  Wieliczka,  in  Galida,  belong 
to  tbe  cretaceous  formation. 


This  f<vmation,  in  which  argillaceoua  matter  or  clay  preponderates,  being  assod 
ated  with  ai^llaeeons  limestone,  marl,  sandy  marl,  and  landitoue,  is  remarkable  a 
being  tbe  special  locality  Cor  marine  reptilia;  tbe  genus  ichthyoaaunu  attaining  it 
full  deietopment,  and  being  accompanied  by  the  equally  singular  genus  plesioiaunu 
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at  well  as  the  limestones,  are  strongly  impregnated  with  hitnmen,  proceeding,  it  is 
▼ery  probable,  from  decomposing  animals,  soch  as  fishes,  etc,  which  abounded  at  the 
epoch  of  their  deposition.  Practically,  the  sandstones  are  sometimes  sufficiently  firm 
to  be  used  for  building,  though  they  usually  become  iron-shot,  or  stained.  The  lime- 
stone is  occasionally  hydraulic,  and  the  soil  is  generally  fruitful. 

OOLITE,   OK  JU&A    FORMATION. 

The  clays  of  the  lias  form  the  basis  of  the  oolitic  system,  and  in  ascending  into  it, 
other  argillaceous  bands  mark  those  changes  in  the  conditions  of  deposit  which  are 
to  be  expected  in  every  great  formation,  representing,  as  it  must  do,  the  Tariations  of 
drift  consequent  on  the  changing  direction  of  currents.  Thele  bands  have,  in  Eng- 
land, led  to  a  division  of  the  oolites  into  lower  oolite,  resting  on  the  lias ;  the  middle 
oolite,  resting  on  the  Oxford  clay,  which  separates  it  from  the  Xower  oolite ;  and  the 
upper  oolite,  resting  on  the  Kimmeridge  clay,  which  is  between  it  and  the  middle 
oolite :  but  it  must  be  evident  that  such  clay  bands,  being  merely  the  result  of  local 
causes,  cannot  be  expected  to  occur  in  all  localities  at  the  same  time,  or  to  produce 
a  similar  division  in  all  countries.  On  the  Continent  the  formation  has  been  divided 
into  the  upper,  middle,  and  lower  Jura,  the  upper  being  characterized  by  a  light- 
coloured,  whitish,  or  yellowish  limestone,  which  forms  the  great  mass  of  the  Jura 
Mountains,  and  has  derived  from  them  its  name, — the  lower  divisions  consisting  of 
roe-stone  and  dolomite,  of  sandstone,  marl,  and  clay.  In  the  Jura  limestone  there 
are  partings  of  homstone,  strongly  resembling  the  flints  of  the  chalk ;  and  its  sur- 
faces exhibit  also  very  beautiful  dendritic  markings  of  oxide  of  manganese,  equally 
resembling  those  of  the  hardened  chalk  of  Ireland ;  so  that  any  one  acquainted  with 
the  Irish  chalk,  in  looking  at  this  rock,  first  supposes  it  to  be  chalk.  The  Bavarian 
Jura  formation  is  remarkable  for  the  numerous  bone  caverns  in  its  dolomites,  and 
for  the  celebrated  lithographic  stone  of  Solenhofer.  The  wooded  hills  of  Pappenheim 
are  composed  of  a  regularly  stratified  limestone  arranged  in  thin  and  horizontal  beds. 
The  stone  is  extraordinarily  pure  and  dense,  yellow  or  grey  in  colour,  and,  from  the 
thinness  and  regularity  of  its  layers,  peculiarly  fitted  for  lithography.  The  hills 
themselves  are  distinguished  by  their  broken  aspect  and  wall-like  character,  which 
makes  them  look  like  so  many  fortresses ;  and  on  entering  the  valleys,  the  ringing 
sound  of  the  proper  lithographic  stone,  as  it  is  broken  up  for  use,  is  heard  on  all 
sides.  The  layers  used  for  this  purpose  are  from  1  to  4  inches  thick,  and  when  they 
are  still  thinner,  or  are  unfit,  by  containing  fossils,  for  lithography,  they  become  use- 
ful as  roofing  tiles,  as  door  and  window  linings,  as  tables,  etc.,  to  which  purposes 
they  had  been  extensively  applied  long  before  the  invention  of  lithography.  These 
peculiarities  of  the  physical  features  of  the  country,  and  of  the  mechanical  characters 
of  the  stone,  deserve  to  be  remembered  in  looking  out  for  good  lithographic  stone 
in  other  countries.  In  addition  to  the  defect  consequent  on  the  presence  of  large 
fossils,  veins  should  be  carefully  avoided,  as  in  printing  they  mark  the  drawing,  how- 
ever fine  they  may  be,  with  white  lines,  and  increase  greatly  the  difficulty  of  bring- 
ing the  surface  of  the  stone  to  a  uniform  state.  In  the  English  oolites,  the  most 
remarkable  is  the  Stonesfield  slate,  lying  at  the  base  of  the  great  oolite,  a  member 
of  the  lower  division :  it  is  a  slightly  oolitic  limestone,  and  though  only  6  feet  thick, 
abounds  in  fossils.  Impressions  of  ferns  and  other  terrestrial  plants,  the  elytra  of 
beetles,  the  remains  of  saurian  genera  already  noticed,  as  well  as  those  of  the  ptero- 
dactyl or  flying  lizard,  occur,  and  what  is  more  remarkable,  the  jaws  of  several  spe- 
cies of  mammiferous  quadrupeds  of  the  marsupial  order, — partly  allied  to  the  opos- 
sum, and  partly  to  the  myrmecobius  of  Australia, — a  singular  analogy,  at  this  early 
epoch,  to  a  region  now  so  widely  distinct  in  its  fauna  from  other  parts  of  the  world. 
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Id  the  tower  diriiion  U  the  Bath  oolite,  which  affbrds  luch  to  excdlent  itooe  for 
the  delicate  moulding!  of  Gothic  architecture,  iDd  ii  repretented  in  France  b;  the 
Caen  stone,  which  ii  eren  batter  Btted  for  tbe  purpoae,  and  wai  in  coniequence  im- 
ported hj  our  eulj  architecta,  u,  for  example,  for  the  oonitnictian  of  the  beautiful 
Temple  Charch.  In  the  middle  oolite  ia  the  "  corftl  ng,"  )o  called  from  the  cos. 
tiuuoui  beda  of  corall  of  which  it  ia  compoaed,  and  which  still  retain  the  position  in 
which  they  originaU;  grew.  In  the  upper  oolite  is  the  celebrated  Portland  atone,  so 
well  known  for  it>  beantj  ai  a  building  stone. 

Manj  part*  of  this  ijsteni  ale  digtinguiabed  in  viriotu  countries  hj  ■  profusion  of 
tome  particular  fossil  which  is  alniyt  a  chartJiterutie  of  a  regular  deposit,  as  distin- 
gniahfd  from  a  drift:  such,  for  example,  was  the  surface  of  the  great  oolite  when 
studded  OTCr  with  pear-enerinites,  which  were  afterwards  buried  by  the  irruption  of 
the  Bradford  cla; ;  the  clays  of  the  upper  oolite  with  their  oyittrt  and  grypbitea 
(ottrea  ddloid«a  an'd  gryphsa  lirguUJ ;  the  neriaon  limestone  of  the  Jura,  diatin- 
{oiabed  ity  a  pecnliar  univatra  genus  nerinsa ;  and  the  diceraa  limeitone  of  the  Alpa, 
M  called  from  the  abundance  of  the  lery  curious  bivalre  genus  diceraa. 

Althongfa  in  thii  fbrmation  the  foeails  generally  Indicate  a  marine  origiD,  the  fre- 
quent ocearrenee  of  fragments  of  wood )  the  coal  beds  and  bituminous  shale  which 
enter  into  the  ajratem  ;  the  many  impresaiona  of  plants  and  insects  ;  tbe  abundance  of 
Mariana  and  of  cucrinitea,  which  may  be  considered  as  more  fitted  for  shallow  than 
for  deep  wtt«n ;  and,  above  all,  the  actual  diacoiery  of  land  animals,  all  concur  in 
proving  that  the  deposit  was  formed  in  the  vicinity  of  land  ;  and  it  becomes  there- 
fore  an  interesting  precaTsor  of  the  next  fonnition,  in  which  the  evidence  of  land  is 
fiuMer  coMMCted  with  that  of  a  then  existing  lake. 


This  brmatian,  remarkable  from  the  fresh-water  origin  of  ita  depoiits,  ii  not  en- 
tirely free  from  marine  foMila,  and  preaenls  therefore  the  character  of  an  eatnary 
rather  tliat  of  an  inland  lake.  On  the  Continent,  it  has  been  associated  with  the  cre- 
taceooa  syatMi ;  and  as  tbe  lower  beds  of  green-sand  correapond  closely  with  some 
of  those  of  this  tyatem,  and  in  France  tbe  fresh-vrater  beds  are  sometimes  separated 
by  marine  beda,  supposed  to  belong  to  the  grecn-aand,  this  aUocatian  may  be  po«- 
aibly  correct.  In  England  however  it  ia  remarkable  that  tiie  oolitic  beda  must  have 
been  Hrst  raised  up  quietly  without  any  great  disturbance,  as  the  celebrated  "  dirt-bed  " 
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cftrried  away  by  the  denuding  wave  or  corrent,  the  fresh-water  strata  of  the  Wealden 
have  been  eiposed,  and  a  remarkable  valley  or  basin  of  the  Wealden  formed  within  the 
area  of  the  greater  estuary  it  originally  occupied.  A  similar  and  somewhat  parallel 
disturbance  has  also  forced  up  the  Wealden  strata  in  the  Isle  of  Wight  These  un- 
deniable proofe  of  disturbing  forces  assist  the  inquirer  in  understanding  those  which 
preceded  them,  as  the  facts  not  merely  show  that  the  vast  basin  of  the  Wealden 
bad  been  forced  up  and  broken  at  Tarious  parts  of  its  area,  after  the  deposition 
within  it  of  deep-sea  drift,  and  the  accumulations  of  the  cretaceous  strata,  but  that 
this  basin  itself  had  been  formed  by  a  gradual  depression  of  the  earth's  crust,  after 
the  distinct  existence  of  dry  ground  covered  with  trees,  as  exhibited  by  the  Portland 
dirt-bed.  It  is  difficult  to  reconcile  in  the  mind  such  oscillations  with  the  compara- 
tive quiet  which  now  reigns  on  the  earth ;  but  we  become  acquainted  with  them 
from  geological  investigations,  as  we  do  with  the  facts,  the  habits,  and  opinions  of  past 
ages,  from  historic  records ;  and  we  owe  therefore  to  this  science  the  knowledge  we 
now  possess  of  changes  which,  without  it,  would  have  been  unknown  to  us.  In  Eng- 
land, where  the  formation  is  more  extensively  developed  than  in  any  other  country, 
the  base  of  it  is  the  well-known  Purbeck  limestone,  distinguished  by  the  profusion  of 
fresh-water  shells  it  contains.  This  portion  of  the  formation,  the  beds  of  limestone 
being  separated  by  marls,  is  about  250  feet,  which  must  be  considered  an  immense 
depth  for  a  fresh-water  deposit.  The  Hastings  sands  vrith  days  and  calcareous  grits 
succeed,  and  are  about  400  feet  thick,  being  as  extraordinary  as  a  fresh-water  drift,  as 
the  Purbeck  limestone  is  as  a  calcareous  deposit;  and  the  whole  is  covered  by  the  Weald 
clay,  which,  vrith  its  thin  beds  of  sand  and  shelly  limiestone,  is  about  200  feet  thick. 
This  formation,  taken  together,  implies  the  existence  for  a  long  time  of  vast  areas  of 
fresh-water  resembling  those  of  North  America,  in  which  at  this  moment,  from  the 
continued  wear  of  their  banks  and  the  depth  of  their  bottom,  in  some  cases  below 
the  level  of  the  sea,  there  can  be  no  doubt  extensive  deposits  are  forming.  The  re- 
cent discovery  by  Mr.  Beckles  of  numerous  mammalian  remains  in  the  Purbeck  beds 
has  given  a  new  interest  to  this  formation.  These  fossils  have  been  examined  by 
Dr.  Falconer,  and  will  be  speedily  published ;  one  new  genus  has  been  formed,  and 
it  is  probable  that  others  may  yet  be  discovered. 

Though  not  marked  out  in  the  same  striking  manner  as  in  England,  this  formation 
of  fresh-water  deposits  can  be  traced  in  other  countries ;  and  it  is  evident  therefore 
that  a  very  large  portion  of  that  part  of  the  surface  of  the  earth  now  constituting 
Europe  was  covered  with  fresh  water.  In  Westphalia,  the  Wealden  is  represented  by 
a  deposit  800  feet  thick,  consisting  of  sandstone  and  bituminous  marl,  vrith  layers  of 
coal  and  of  ironstone  and  beds  of  limestone,  the  whole  being  characterized  by  fresh- 
water fossils.  In  Saxony,  at  Niederschone,  the  formation  is  reduced  to  a  deposit 
40  feet  thick,  of  dark-coloured  sandy  shale  and  marl,  which  is  sometimes  bituminous, 
snd  contains  traces  of  coal,  with  an  abundance  of  vegetable  remains.  Amongst  these 
fossil  plants  only  one  shell  has  hitherto  been  discovered,  but  that  is  a  most  charac- 
teristic one,  belonging  to  the  fresh-water  genus  anodonta,  which  often  prevails  ex- 
clusively in  muddy  lakes  and  pools.  The  quadersandstein,  or  green-sand,  overlies 
this  deposit,  and  Cotta  thinks  it  probable  that  the  beds  of  this  formation  in  Silesia, 
which  contain  coal  and  the  remains  of  plants,  should  also  be  allotted  to  the  Wealden. 
Amongst  the  numerous  reptiles  of  this  epoch  appear  tortoises  of  genera  which  now 
occur  in  fresh  water  in  tropical  regions.  The  iguanodon,  so  called  by  its  discoverer, 
Dr.  Mantell,  from  its  analogy  with  the  living  iguana,  was  an  herbivorous  reptile,  and 
appears  to  have  abounded  at  this  epoch.  The  nature  of  the  fossil  plants,  and  the 
number  and  magnitude  of  the  reptiles,  show  that  the  climate  still  continued  tropical. 
Practically,  the  Purbeck  limestone  it  weU  known  as  lumachella  marble  i  the  desig- 
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nation  IqmicliellB  being  derived  &«m  the  lUIiin  word  htmaea,  ■  ami],  ind  ipptied 
to  tfaOie  larieliei  of  limutone  which,  with  s  gnnnlar  or  mtible  itnictore,  abound  in 
fonili.  Ciutiaa  t>  required  in  selecting  thit  itone,  m  mncb  of  it  tuSj  ditinlegratei,  , 
and  in  all  ipeciflcatioiu  for  iti  ■upplj'  a  Mmple  shonld  be  referred  to,  in  order  to  en- 
lure  the  deliver?  of  the  proper  kind ;  a  remark  which  ma?  be  extended  in  variona 
degreei  to  almost  ever?  building  (tone.  The  landstone)  are  friable,  and  by  their 
wear  produce  very  [uctnreaqne  acenery,  aa  about  Tanbridge )  the  clayi  fona  a  atrong 
Mol,  aa  in  the  rich  diatrict  of  the  Weald  of  Kent. 


Succeeding  to  the  eilenaive  freih-water  formation  which  has  passed  under  review, 
comet  a  still  more  extentive  and  generally  more  vridely  diffused  marine  formaUon — 
the  cretaceous.  To  bring  this  change  more  clearly  to  the  mind,  it  may  be  well  to 
imagine  what  would  be  the  reault,  if,  after  ages  of  tranquil  deposit  of  fresh-water 
detritus  in  the  depths  of  the  lakei  of  North  America,  their  surface  was  deprcued,  aa 
their  bottom  now  is,  below  the  lea  level.  Such  a  depression  would  cauie,  even  if 
carried  to  a  very  moderate  exteot,  an  irruption  of  the  sea  over  a  large  portion  of  the 
eountiy,  and  marine  depoaiti  would  immediately  commence.  If,  again,  after  the 
Bccamulation  of  deposila  equivalent  in  thickneil  to  the  cretaceous,  the  whole  maas 
were  uplifted  by  the  action  of  subterranean  forces,  the  Ireah- water  deposits  might  be 
brought  to  view  by  the  fracture  and  removal  of  part  of  the  marine  covering,  whilst 
the  remaining  part  of  that  covering  might  continue  u  a  mural  boundary  surrounding 
them.  In  such  a  eaae,  a  reault  analogous  to  that  of  the  Wealden  and  chalk  would 
be  produced.  Commencing  at  its  base,  the  cretaceous  aytteni  ia  aandy,  and  this 
diviaion  has  been  named  the  green-tand  formation  in  England,  the  quadersandstran 
fonnatton  in  Germany, — the  names  pointing  to  the  principal  peculiarity  of  tbe  aand- 
stone  in  each  locality.  In  each  it  admits  of  further  subdivision  into  upper  and  lower, 
the  two  being  separated  in  England  by  a  deposit  of  mail  and  clay,  called  gault ;  in 
Germany  by  one  of  marl,  marly  sandstone,  and  limestone  (the  plftnerkalk).  But 
though  there  ia  in  theae  divisions  a  atrilung  conformity  when  viewed  at  particular 
localities  (if,  for  example,  the  green-sand  of  England  be  compared  with  the  quader- 
aandatein  of  Saxony  and  Bohemia),  considerable  modificationg  appear  in  other  lo- 
calitiea.  In  Westphalia  and  North  Germany,  a  conglomerate  and  a  clay  which  Colta 
considen  the  equivalent  of  the  Speclonclay  occur  below  the  lower  quader;  the  pl&ner 
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loDg  to  an  opper  member,  approximating  the  chalk  to  the  tertiary  strata,  thongh  the 
foMili  are  those  of  the  white  chalk,  whilst  the  chalky  character  is  carried  downwards 
into  the  green-sand.  All  these  modifications  of  lithological  character  must  be  an- 
ticipated by  the  geologist,  and  his  skill  is  exercised  in  seeing  through  the  obscurity 
to  which  they  give  rise,  and  tracing  out  the  boundaries  of  sea  and  land,  of  bay  and 
ocean,  at  each  successive  epoch.  In  doing  this,  he  will  sometimes  find  that  the 
mineral  conditions  remain  unaltered  from  one  geological  epoch  to  another,  as  is  cer- 
tainly the  case  in  the  Mediterranean,  the  scaglia,  or  white  limestone,  with  its  flints, 
having  been  in  part  deposited  during  the  oolitic  and  in  part  during  the  cretaceous 
periods. 

Few  phenomena  are  more  striking,  or  have  engaged  more  attention,  and  excited 
more  speculation,  than  the  occurrence  of  long  lines  of  flints  in  chalk.  The  marked 
contrast  between  the  dark  hue  of  the  flint  and  the  pure  white  of  the  English  chalk, 
has  without  doubt  led  in  the  first  instance  to  the  special  attention  given  to  chalk 
flints,  as  the  occurrence  of  siliceous  nodules  similarly  arranged  is  not  confined  to  the 
chalk,  having  been  noticed  in  the  mountain  limestone  and  in  the  oolite ;  nor  is  the 
srrangement  by  nodules  always  the  prevailing  one,  as,  in  the  chalk  of  Ireland,  for 
instance,  extensive  layers  or  beds  are  very  common,  as  they  are  also  in  the  oolitic 
and  cretaceous  portions  of  the  white  limestone  of  the  Mediterranean. 

The  origin  of  chalk  flints  has  excited  much  speculation,  though  it  is  evident  from 
the  preceding  observations  that  the  question  cannot  be  confined  to  the  chalk  alone. 
A  microscopic  examination  of  the  chalk  flints  has  shown  that  they  contain  numerous 
infusorial  remains,  and  in  consequence  Ehrenberg  was  disposed  to  consider  that  they 
had  been  formed  almost  exclusively  of  such  animals.  On  the  other  hand,  the  dis- 
covery of  the  texture  of  sponge  in  the  flints  has  led  others,  at  the  head  of  whom  is 
Mr.  Bowerbank,  to  ascribe  them  in  like  manner  exclusively  to  a  spongeous  origin ; 
snd  a  third  party  is  more  disposed  to  look  upon  the  silica  as  having  been  held  in 
solution  by  thermal  waters,  and,  either  in  solution  or  when  depositing  in  a  gelatinous 
state,  to  have  enveloped  the  sponges  and  other  bodies  it  contains.  It  is  highly  pro- 
bable that  all  these  actions  have  contributed  to  produce  the  result  observed ;  and 
when  the  observations  which  have  been  made  on  the  peculiar  affinity  of  silica  for 
organic  substances  are  considered,  there  can  be  little  doubt  that  sponges  have  ma- 
terially contributed  to  the  production  of  chalk  flints,  though  without  being  considered 
a  necessary  basis  for  all  flints.  As  yet,  the  comparison  of  flints  and  cherts  in  various 
formations  has  not  been  carried  out  in  a  perfect  manner,  but  it  may  be  assumed  as 
certain  that  they  will  be  found  to  exhibit  a  material  and  characteristic  difference  in 
their  zoological  remains.  Even  to  the  practised  eye  the  difference  between  the  frag- 
ments of  flints  of  various  formations  is  scarcely  perceptible,  hut  they  are  commonly 
confounded  together,  as  is  the  case  with  those  spread  out  on  the  shore  of  our  southern 
coast,  which  are  all  called  chalk  Jlints. 

In  fossils  the  cretaceous  system  is  peculiarly  rich,  the  whole  mass  of  the  white 
chalk  swarming  with  infusoria  and  other  microscopic  animals,  in  addition  to  the  mul- 
titude of  those  of  larger  dimensions,  as  cchinida,  cephalopoda,  etc.  The  spongiadse 
and  alcyonidse  are  abundant :  of  the  crinoida:  there  is  the  peculiar  genus  marsupites ; 
of  the  echinida,  the  genus  ananchytes,  and  a  profusion  of  species  of  many  other  genera ; 
of  the  molluscs  generally  the  remarkable  genus  hippurites,  the  true  nature  of  which  is 
yet  doubtful, deserves  special  attention:  the  genus  spondylus  (plagiostoma  and  podopsis) 
has  a  very  characteristic  species  in  plagiostoma  spinosuni ;  the  genus  pecten  aflTords 
in  P.  quadricostatus  and  P.  quinquccostatus  the  type  of  a  new  genus ;  the  genus  ino- 
ceramus  abounds ;  whilst  of  the  cephalopodous  division  there  are  many  most  charac- 
teristic genera  and  species,  such  for  example  as  the  genus  turrilites,  a  chambered 
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(hell  with  u  externil  turreted  fonn,  the  beautiful  genus  bsculites,  which  unitei  > 
stnight  form  with  the  siauoui  lepU  of  the  ammDiiilea,  the  hook- shaped  hamitcB,  snd 
a  great  number  of  ammonitei  and  nautili,  |>rodudag  iu  this  order  alone  an  aitemblage 
>o  itrangely  different  from  that  of  our  preieiit  tropical  seas,  nhere  a  single  nautilna 
alone  remains,  as  justly  to  eicite  our  admiration  and  surprise.  In  Gsh  there  is  a 
nearer  approach  to  the  existing  epoch,  ai  the  genera  squalus,  galeus,  and  Umna  oc- 
cur; of  reptiles,  there  is  the  peculiar  genus  mososaurus.  This  is  onlv  a  faint  outline 
of  a  formation  so  interesting  la  England,  though  it  mav  he  considered  a  sufficient 
guide  for  the  En^neet  in  other  countries.  Practically,  the  chalk  hills  are  well  known 
for  their  smooth  outline  and  surface,  and  for  the  short  herbage  of  their  downi,  so 
fitted  for  sheep  pasture,  whilst  the  marly  beds  of  the  lower  portion  of  the  system 
have  long  been  known  for  their  fertility,  as  specially  noted  by  White  of  Selhome.  In 
cooDlries  where  the  chalk  ii  of  a  more  indurated  character,  resembling  the  oolites,  as 
in  Greece,  the  tame  character  of  its  hills  is  changed  to  a  far  more  hold  and  striking 
outline,  resembling  that  of  mountains  of  quartz  rock.  The  value  of  the  chalk  for 
ila  lime,  being  easily  worked  and  burnt,  is  well  known,  and  though  soft,  it  can  be 
used  as  a  building  stone.  The  white  limestone  of  the  Mediterranean  is  in  part  cre- 
taceous, and  is  an  excellent  building  stone,  though,  being  very  brittle,  it  is  dangerous 
in  such  portions  of  military  buildings  as  are  eiposed  to  cannonade.  The  flints,  made 
up  into  a  species  of  concrete  and  strengthened  by  stone  quoins,  were  extensively  ued 
in  the  walla  of  ancient  churches,  and  are  still  so  applied  ;  they  are  also  used  ai  a 
road  stone,  but,  as  they  break  into  angular  fragments,  with  sharp  cutting  edgea,  tbey 
cannot  he  considered  well  fitted  for  such  a  purpose.  In  the  lower  part  of  the  ayitem, 
as  exhibited  on  the  Continent,  the  green-sand  or  quadenand stein  becomes  more  prac- 
tically useful  than  it  is  in  England,  though  the  soil  proceeding  from  it  is,  on  the  other 
hand,  much  leu  fertile.  In  Saxony,  the  quadersandstcin, — so  called  from  its  break- 
ing into  quadrangular  portions, — is  celebrated  M  (  buUdiug  stone,  the  colour  being 
pure  end  good ;  and  it  is  remarkable  that  the  planer  (or  gault)  it  there  almost  de- 
ficient, so  that  the  upper  and  lower  quaders  are  nearly  in  contact,  and  each  yields  its 
valusble  bed  of  building  stone.  In  other  locahties,  as  at  the  foot  of  the  Scbneebergea 
and  in  the  Gottleube  Valley,  the  existence  of  the  planer  is  known  from  a  line  of 
water-springs  which  it  thrawi  up  ;  and  this  fact  is  noticed  here  as  illustratiTe  of  the 
theory  of  springs,  which  will  be  agun  referred  to  at  more  length.  Westward  the 
pliner,  which  bad  almost  thinned  away,  takes  an  unusual  development,  atrelehing  up 
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TERTIARY    CLASS   OF   FORMATIONS. 

At  this  period  of  geological  history,  glimpses  are  obtained  of  the  present  order  of 
creation,  animal  species  which  still  exist  appearing  amongst  the  relics  of  the  past. 
This  circumstance  throws  over  the  tertiary  strata  a  high  degree  of  interest,  and  it 
has  been  made  by  Mr.  Lyell  the  groundwork  of  his  subdivision  of  them,  the  terms 
adopted  signifying,  as  it  were,  the  dawning  and  gradual  progression  of  the  existing 
light,  and  the  basis  of  subdivision  being  laid  on  the  proportional  number  of  existing 
species  as  shown  in  the  following  Table. 


Periods. 

LocalitiM,  etc. 

Percentage 
of  recent 
species. 

Number  of 

fossils 
oompued. 

Post-Pliocene    . . . 
Newer  Pliocene 

Older  Pliocene    • 

Eocene  

Fresh- water  of  Valley  of  the  Thames 

Marine  strata  near  Glasgow 

Norwich  crag    

Suffolk,  red  and  coralline  crag 

London  and  Hampshire   

99  to  100 
85  to  90 
85 
54 
1  or  2 

40 
160 

81 
436 
400 

The  consideration  of  this  Table  naturally  gives  rise  to  this  remark,  that  the  two 
lower  subdivisions  are  more  soundly  established  than  the  upper,  as  the  comparison  is 
made  upon  large  and  nearly  equal  numbers,  so  that  the  discovery  of  a  very  consider- 
able number  of  recent  species  would  be  necessary  to  affect  materially  the  comparison  ; 
whereas  in  the  upper,  the  numbers  are  so  much  smaller,  and  so  unequal,  that  the 
results  might  be  materially  disturbed  by  the  discovery  of  only  a  moderate  number  of 
recent  species.  It  is  necessary  also  to  bear  in  mind,  that  in  approaching  the  existing 
epocbt  and  the  organic  constituents  of  the  present  creation,  it  is  only  natural  to  ex- 
pect that  evidences  of  similar  physical  conditions  should  be  discovered ;  and  as  the 
fauna  and  flora  of  various  parts  of  the  present  world  are  widely  different  from  each 
other,  so  also  must  have  been  those  of  different  localities,  in  periods  which  exhibit 
so  much  of  the  zoological  characters  of  the  present.  In  determining,  therefore,  the 
exact  place  of  a  deposit  in  the  series  of  tertiary  formations,  the  comparison  of  fossils 
should  be  made  with  the  recent  species  of  the  neighbouring  coasts  and  seas,  the  fauna 
and  flora  of  each  local  deposit  becoming,  as  it  were,  independent,  just  as  the  fauna 
and  flora  of  many  recent  localities  are.  On  this  principle,  so  well  explained  by  Mr. 
Lyell,  the  contemporaneous  fossils  in  deposits  of  each  tertiary  epoch,  and  specially  in 
the  more  recent,  may,  at  various  parts  of  the  earth's  surface,  have  scarcely  any 
resemblance  to  each  other,  although  in  each  locality  conforming  to  the  general  rule 
of  a  g^wing  approach  to  the  recent  types.  The  tertiary  formations  must  therefore 
be  considered  as  made  up  of  many  local  formations,  the  exact  mutual  relation  of  which 
to  each  other  it  is  sometimes  very  difficult  to  determine.  The  marine  and  fresh-water 
beds  appear  to  have  been  deposited  in  extensive  basins,  and  it  is  remarkable  that  the 
great  cities  of  London,  Paris,  Mentz,  and  Vienna  have  been  founded  on  such  ancient 
basins.  The  great  brown  coal  formation,  however,  which  is  spread  over  a  large  por- 
tion of  Germany,  and  abounds  in  land  plants,  does  not  appear  connected  with  a  basin 
sufficiently  marked  by  any  depression  of  its  surface  to  explain  so  deep  an  accumu- 
lation of  vegetable  matter  as  may  be  seen,  for  example,  at  Zittau  in  Saxony.  In  general, 
the  tertiary  deposits  of  England  do  not  attain  any  great  terrestrial  height,  no  very 
material  elevating  force  having  been  exerted  beyond  what  was  necessary  to  raise 
them  partially  above  the  sea  level ;  but  along  the  axis  of  greatest  movement,  both 
ill  Europe  and  America,  the  case  is  different,  the  Nagelflue  of  Switzerland,  with  its 
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bromi  eoal  uid  limatoDe,  tkirtiog  the  Alpi  in  ■  cbiin  of  mooaUiBi  6D00  fECt  hi^. 
Oie  OoAaeaol  the  iepmlu  brio fiOmteet.  Sneli  depodtt  are  Tcrj  widely  tpnad, 
oemning  in  ?lartb  tnA  South  Prance,  in  Ibe  South  of  EngUnd,  u  alio,  in  iti  upper 
mcmben.  in  Seolland  and  Ireland,  in  N'oith  Gennanj,  and  along  the  Rhine  in  Middle 
ud  South  Genniny,  on  both  ilopei  of  the  Alpt  and  Apennine*,  in  Sidly,  on  the  eoait 
of  Africa,  and  ipedallr  on  the  shore*  of  the  Meditemuie«D,  in  Poland,  in  North  ud 
South  Riiuia,  in  North  and  Sooth  Asia,  ai  for  eumple  in  (he  Bay  of  Bengal,  in  the 
East  of  North  Amenea.and  in  Equatorial  America,  etc.;  so  that  in  almoat  eireiy  part 
of  th«  globe  tntcn  biie  been  found  of  that  gradual  approiimation  to  (he  present  phy- 
tieil  and  zoological  conditiooi  of  the  earth')  surface,  which  is  learned  from  the  itody 
of  tertiary  deposit*.  The  general  eiidence  of  the  fossils,  especially  in  H>nthcm  re- 
gions, leans  toward)  the  existence  of  a  tropical  climate  Kiihin  this  epoch,  the  diier- 
gcnce  from  such  a  cbmate  being  as  yet  small  in  such  positions,  eicepi  when,  as  in 
Switzerland  and  Sooth  America,  it  baa  been  au^ented  by  elevation  of  the  snt&ee 
bom  intemii  distarbaace. 

In  a  few  Northern  localities  howeter  there  is  a  lendnicy  in  the  eiidence  towards  a 
colder  dimate  within  the  later  tertiary  epoch  ;  nor  is  this  unnatanl,  as  in  that  por- 
tion of  the  earth  which  approscha  towards  a  region  of  low  mean  temperatare,  a  very 
■light  modification  of  the  terrestrial  tarface  might  have  been  sufficient  both  to  deprcsi 
the  mean,  and  to  check  those  variations  to  a  higher  summer  tempeimtore  which  must 
materially  affect  the  growth  of  all  animals  pDueising  the  power  of  even  partial  loco- 
raotion. 


The  English  tertiary  deposits  are  important  in  the  lower  and  upper  member*  only, 
the  middle  being  nearly  wanting.  The  haiiui  of  London  and  Hampihire  are  the 
lowest  geologically,  and  belong  to  the  eocene  period.  They  are  bounded  and  under- 
laid by  the  chalk,  and  their  strata  consist  of  sands,  clays,  and  gravels.  On  the  varia- 
tion of  mineral  character,  a  subdivision  into  the  upper  sand  or  Bagahot  sand,  the 
London  elay.  and  the  plastic  clay,  was  at  first  proposed,  consisting  of  alternating 
beds  of  clay,  sand,  and  ahingle  ;  and  though  anch  peculiarities  of  deposit  can  only  be 
considered  useful  as  indications  of  the  phyiicat  conditions  of  ■  deposit  which  may 
vary  in  different  localities,  the  eocene  haa  now  been  satisfacturily  divided  into  lower, 
middle,  and  upper  eocene.     In  the  shells  there  are  several  nautili 
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miny  of  the  quadrupeds  of  which  locality  correspoud  with  those  of  the  celebrated 
Montmartre  gypsum  quarries  which  were  the'  classic  ground  of  the  great  CuTier's 
wonderful  researches  and  discoveries.  Practically,  the  great  mineral  difference  in 
these  deposits  in  the  two  basins  must  give  rise  to  similar  differences  of  application. 
The  clay  beds  of  the  London  sometimes  abound  in  nodules  of  a  calcareous  stone, 
used  for  making  Roman  cement.  These  nodules  often  contain  marine  shells,  and 
sometimes  the  remains  of  turtles  and  fruits.  When  traversed  by  cracks  and  veins 
dividing  the  mass  into  parts,  as  by  septa,  they  are  called  septaria.  Harwich  and  the 
Isle  of  Sheppey  are  well-known  localities  of  the  nodules.  In  the  Paris  basin,  the 
calcaire  grossier  furnishes,  in  some  of  its  varieties,  very  good  building  stone,  and  the 
siliceous  fresh-water  deposit  yields  an  excellent  millstone.  A  careful  microscopical 
examination  of  the  flints  of  the  Paris  basin  and  of  those  forming  the  shingle  of  the 
London  basin,  as  compared  with  the  true  chalk  flints,  is  yet  a  desideratum,  and  may 
throw  considerable  light  upon  the  direction  of  the  drift  during  this  period.  Mr.  Prest- 
wich  has  made  an  important  alteration  on  the  first  views  upon  this  subject,  by  proring 
the  true  London  clay,  including  the  Bognor  clay,  to  be  more  ancient  than  the  calcaire 
grossier,  and  therefore  to  correspond  with  the  sands,  etc,  of  the  Paris  basin ;  he  dis- 
covers  however,  in  part  of  the  Hampshire  series,  the  true  equivalent  of  the  calcaire 
grossier,  which  becomes  therefore  a  member  of  the  middle  eocene,  the  London  clay 
and  underlying  beds  forming  the  lower  eocene.  The  range  of  the  London  clay  has 
been  extended  through  a  large  portion  of  the  N.E.  of  Europe  by  Dr.  Girard,  of 
Berlin. 

MIOCENE. 

The  shelly  sand  and  marls  of  the  celebrated  faluns  of  Touraine  have  been  allo- 
cated to  this  section  of  the  tertiary  deposits.  The  deposits  of  Piedmont,  Lisbon, 
Styria,  and  Mayence,  though  connected  by  characteristic  fossils  with  this  epoch,  ex- 
hibit each  its  peculiar  modification  of  mineral  character;  but  the  molasse  of  Swit- 
zerland, from  which  the  Germans  call  the  whole  tertiary  class  **  molassen,''  specially 
deserves  notice.  It  is  a  vast  mass  of  a  soft  sandstone,  which  probably  belongs  in 
part  to  several  portions  of  the  series,  and  it  derives  its  name  from  the  ease  with 
which  it  is  cut  in  the  quarry.  The  fossils  are  local,  but  have  hitherto  tended  to  place 
at  least  a  large  portion  of  the  deposit  in  this  section. 

Practically,  the  formation  varies  in  importance  in  different  districts.  In  Suffolk, 
the  coralline  crag  yields  a  soft  building  stone,  and  the  marls  are  useful  as  manure. 
In  the  Styrian  Alps,  limestones  of  a  coralline  and  of  an  oolitic  structure  are  largely 
developed,  and  the  molassc,  from  the  ease  with  which  it  is  cut,  is  also  valuable. 

PLIOCENE    FORMATIONS. 

It  is  unnecessary  to  dwell  long  on  the  upper  or  newer  pliocene  formations,  as  they 
are  very  feebly  represented  in  the  British  Islands,  being  confined  to  minor  deposits 
of  sand,  gravel,  and  clay.  On  the  Continent  however  (and  this  is  quite  consistent 
with  the  theory  of  the  gradual  progression  southward  of  geological  formations)  they 
become  very  largely  developed,  in  Sicily  extending  over  nearly  half  the  island,  and 
attaining  an  elevation  of  3000  feet,  being  composed  partly  of  calcareous  and  partly 
of  argillaceous  strata,  and  exhibiting  by  the  occurrence  of  recent  species  of  shells 
amidst  surh  a  mass  of  stratified  matter,  a  striding  proof  of  the  accuracy  of  geological 
reasoning  as  regards  the  older  formations.  The  older  pliocene  in  England  is  now 
considered  to  embrace  the  Norwich  crag,  as  also  the  coralline  and  red  crag  of  Suf- 
folk. In  Italy,  the  Sub-Apennines  are  again  a  striking  exemplification  of  the  great 
development  of  these  comparatively  recent  strata ;  and  the  blue  clay  of  the  Mediter- 
ranean, rising  sometimes  to  the  height  of  1000  feet  above  the  sea,  is  also  of  this 
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tpocb,  Md  the  Ikciuliiiie  depodi  of  the  Val  d'Aroo,  to  rich  in  the  remaini  of  mtm- 
UMlii  ii  ilio  ■  member  of  the  pliiMxne  famution.  In  Sidlf,  the  never  pliocene, 
though  10  Tut,  U  still  mvine  in  chancter,  but  in  Ruuim  the  tingnlir  phenomenon 
is  aswn  obiervable  of  an  equal  eitenuoD  of  fre*h-w*ter  depoiiti,  ■  nst  mua  of 
•rgillaceoni  limestone  occurring  around  the  Cupian,  which  Sir  R.  Murchison  calla 
the  Aralo-Caspian,  or  Steppe  limestone.  The  aniialie  shells  of  this  depoiit  are  of 
fresh-waler  origin,  and  are  aaeociited  with  blTHlveB,  nhich  are  common  to  partially 
aaline  or  brackish  water,  but  there  are  no  corals,  ao  that  the  true  charaderi  of  a 
depoait  in  an  inland  sea  are  fully  exhibited.  The  thickness  of  this  supposed  member 
of  the  pliocene  i>  in  aome  placet  between  200  and  300  feet,  and  it  attains  elerations 
of  700  feet  above  the  preaent  le«el  of  the  Caspian.  It  is  remarkable  that  whilst  the 
tpeciea  of  teatacea  of  the  newer  pliocene  formation  were  nearly  idenliciit  with  those 
of  the  existing  period,  there  should  still  have  been  so  marked  a  distinction  in  tlie 
animtlj  of  a  higher  clasa.ai  is  seen  in  the  bonei  of  the  Tsrious  celebrated  bone  cavea 
and  oiaiferoua  brecdas  of  all  parts  of  the  globe,  a  dilTerence  which  extends  even 
beyond  the  limits  of  the  pUacene.  There  ia  also  thia  remarkable  fact,  that  whilat  in 
the  old  world  the  general  type  of  such  elevated  organisma  is  in  caafoimily  with  that 
still  eiittiog,  though  indicating  the  extension  of  the  animals  nan  conGned  to  warm 
climates  far  northward  of  their  present  limits,  there  is  in  that  singalar  country, 
Australia,  a  type  pecuhar  to  itself,  and  extending  back  to  this  period ;  *o  that  it  may 
be  assumed  that  in  the  tertiary  epoch  this  vast  region  waa  already  isolated  fivm  the 
reat  of  the  world :  and  ia  it  not  almost  allowable  to  imagine,  when  the  degraded 
character  or  type  of  ita  population  is  considered,  that  man  is  even  there  a  relic  of 
pre-exiating  creations .' 

In  India,  much  has  been  done  by  our  brother  Officer!  of  the  Indian  Army,  Major 
Cautley  and  Dr.  Falconer,  to  elucidate  the  natural  history  of  this  epoch  by  collecting 
and  describing  the  bonea  of  extinct  animals ;  and  Captun  Vickary  has  very  recently 
shown,  that  in  the  Beloochistan  Hills  a  large  assemblage  of  beds  of  sandstone,  of 
conglomerate,  of  clays,  and  of  bone  gravel,  belong  to  the  tertiary  formation,  the  base 
'on  which  they  reat  being  a  nnmmulite  limestone ;  and  when  the  difficulties  attendant 
upon  an  Eastern  climate  are  considered,  such  exertions  may  well  be  a  stimulua  to 
those  who  are  serving  in  climates  more  favorable  to  physical  exertion  :  the  Indian 
Geological  Survey  ia  now  in  full  progreaa  under  the  superintendence  of  Thomas 
Oldham,  Esq. 
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sUis  of  Owen.  Mr.  Lyell,  from  the  superposition  of  the  lava,  is  enabled  to  affirm 
that  the  bone  beds,  in  whatever  way  the  animals  were  destroyed  and  their  relics  so 
imbedded,  belonged  to  the  alluvial  formations  of  the  river  bed  and  river  plain  at  the 
time  of  the  flowing  of  the  lava  of  Tartaret ;  whilst  he  shows,  from  the  existence  of 
an  ancient  Roman  bridge,  not  more  recent  though  probably  much  older  than  the 
fifth  century,  which  spans  with  two  arches  the  River  Couze,  abutting  on  both  banks 
against  the  lava,  which  had  thus  been  cut  through  and  formed  into  the  present  exist- 
ing  ravine  fourteen  centuries  ago,  that,  as  respects  the  events  of  human  history,  the 
lava  of  the  Puy  de  Tartaret  was  at  least  of  great  antiquity.  On  the  whole,  Mr.  Lyell 
considers  this  lava  to  be  a  type  of  the  products  of  the  most  modem  volcanic  erup- 
tions of  Auvergne,  and  to  be  referable  either  to  the  close  of  the  newer  pliocene  or 
to  fhe  post- pliocene  period,  a  period  when,  as  before  noticed,  **  the  mollusca  were 
identical  with  those  now  living,  although  a  great  many  of  the  mammalia  belonged  to 
species  now  extinct."  This  recurrence  of  alluvions,  and  even  of  ossiferous  beds,  with 
overlying  streams  of  lava,  deserves  the  attention  of  the  few  who,  from  reasons  not 
geological,  would  still  consider  the  stratified  deposits  of  the  earth  as  the  work  of  one 
great  flood,  as  it  is  utterly  impossible  to  reconcile  such  volcanic  eruptions  to  so 
limited  a  theory.  In  a  practical  point  of  view,  it  has  already  been  shown  that  in 
countries  where  the  tertiary  strata  are  fully  developed  as  either  deep  sea  or  great 
lacustrine  deposits,  they  supply  valuable  building  materials  both  in  limestone  and  in 
sandstone ;  and  it  may  be  also  stated,  that  the  celebrated  Carrara  marble,  once  con- 
lidered  primitive,  belongs  to  the  tertiary  epoch.  The  fossil  bitumen,  so  extensively 
used  in  asphalte  pavements,  namely,  that  of  Bastenue,  a  small  village  of  the  South 
of  France,  15  miles  north  of  Orthez,  is  tertiary.  The  formation  in.  which  the  bitu- 
men is  found  rests  on  a  sandy  limestone,  which  has  been  allocated  to  the  cretaceous 
system.  The  overljring  beds  are  variously  coloured  sands  and  clays,  which  are  50  or 
60  feet  deep,  and  covered  by  gravel  and  sand,  which  extend  many  miles  in  every 
direction.  The  beds  are  usually  horizontal,  though  sometimes  much  disturbed  by 
the  intrusion  of  igneous  rocks.  Under  about  45  feet  of  the  variegated  sands  and 
clays,  the  bitumen  appears  in  small  quantity  in  a  bed  of  blackish  sand,  4  feet  thick. 
From  5  to  15  feet  of  bitumen  are  then  observed,  the  upper  part  mixed  with  loose 
and  coarse  sand,  the  lower  being  more  compact,  and  mixed  with  finer  sand.  In  some 
places,  from  10  to  15  feet  of  sand,  without  bitumen,  occurs,  whilst  in  others  the 
bituminous  sand  is  thicker,  and  rests  directly  on  the  secondary  sandy  limestone.  In 
two  localities,  marine  shells  have  been  found  in  the  bituminous  sand,  and  Mr.  Pratt 
refers  them  to  the  miocene  period.  The  shells  are  arranged  in  layers,  and  are  quite 
perfect,  the  valves  not  being  separated  from  each  other ;  and  the  bitumen,  when  in 
a  soft  or  liquid  state,  was,  in  Mr.  Pratt's  opinion,  forced  into  the  shells,  after  their 
deposition  in  the  sands  in  which  the  animals  lived,  as  even  the  smallest  cavities  are 
filled.  The  eruption  of  the  bitumen  is  supposed  to  have  been  connected  with  the 
sppearance  of  the  ophite,  an  igneous  rock  which  has  produced  such  great  changes  in 
the  Pyrenees.  The  bitumen  is  easily  cut  when  first  exposed,  but  in  a  few  days  it 
hardens  so  much  as  to  become  incapable  of  purification :  the  purification  is  effected 
by  boiling  the  sandy  mixture  in  a  large  quantity  of  water  two  or  three  times,  when, 
by  continued  and  careful  stirring,  the  sand  gradually  settles  to  the  bottom,  while  the 
pure  bitumen  rises  to  the  surface  and  is  taken  off.  A  small  portion  of  bitumen  occurs 
in  the  tertiary  rocks  of  Anti-Paxo,  and  again  in  a  larger  quantity  at  Zante.  An  in- 
spissated tar  or  pitch  of  probably  a  juniper  is  used  for  similar  purposes  in  the  Morea, 
and  has  been  tried  with  tolerable  though  varying  success  at  Corfu.  A  large  quantity 
of  coarse  sand  is  mixed  with  the  tar  when  heated,  so  that  it  forms  a  bituminous  con- 
crete.   The  variableness  of  the  result,  from  the  different  qualities  of  the  crude  ma- 
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taiul  lod  the  difficulty  of  minipuUtion,  ia  Kgiintt  the  ute  of  tbii  mateiul ;  but  it  » 
probtble  that  vere  the  proceas  of  nature  imitated,  aod  the  cniile  tir  lubjected  to 
long  boiling,  and  after  being  forced  into  a  nuus  of  heated  und,  treated  aa  the  fouil 
bitumen  ia,  it  would  be  found  nearly  equal  in  quality. 

The  exiateuce  of  gypsum  and  lalt  in  the  tertiary  ilata  has  been  already  noticed. 


Oui  inquiry  hat  now  enme  to  that  point  vliere,  on  one  hand,  we  still  see  in  the  re- 
cent results  of  geological  phenomena  efidenee  of  the  fcirmalive  processes  of  nature, 
^■eoral  reefs  ttiti  rising  from  the  depths  of  the  Pacific, — conglomeratea  being  still 
formed  in  the  Mediterranean,— lied  a  of  marl  being  still  deposited  in  lakea, — travertin 
being  deposited  from  mineral  springs, — and  peat  being  observed  to  have  formed  over 
fresh-water  sheila,  the  hones  of  land  animels,  and  even  the  works  of  human  art  (tu 
one  instance,  in  the  county  of  Galway,  an  ancient  hut  with  a  paved  pasaage  having 
been  laid  bare  by  the  lemoval  of  peat  30  feet  deep) ;  and  on  the  other  hand,  we  are 
still  kept  at  a  distance  from  (he  recent  epocli ;  for  although  the  ahetia  found  are  all 
of  receot  species,  they  are  generally  arranged  in  positions  and  aasociBted  with  detritic 
matter  of  auch  a  description,  that  their  appearance  indicates  the  action  of  forces  prior 
to  the  present  order  of  things.  Tlieae  masses,  the  true  post. pliocene,  though  now 
exposed  to  view  and  frequently  found  at  high  elevations  and  of  great  depth,  have 
evidently  been,  like  tlie  antecedent  fortnations.  under  the  level  of  the  waters  of  either 
lakes  or  seas,  wliilst  the  recent  strata  must  necessarily,  in  most  cases,  be  yet  in  the 
position  from  which  the  former  have  emerged.  The  beds  of  sand  and  gravel  spread 
over  so  large  a  portion  of  the  earth  have  always  attracted  attention,  and  for  •  long 
time  were  considered  so  many  results  of  the  passage  of  the  diluvial  waters  over  its 
Burface;  but  ■  rigid  eiaminetiun  of  the  peculiar  characters  of  these  depoaita  has 
ahown  that  such  an  opinion  is  untenable :  for  example,  they  are  sometimes  found  to 
coniist  of  deep  beds  of  sand,  separated  by  tine  clay  partioga  into  a  multitude  of 
beds ;  aooletimeB  they  are  composed  of  alternating  layers  of  sand  and  gravel,  some 
of  which,  ai  shown  in  Plate  III.  fig.  14,  exhibit  croas  lamination ;  sometimes  the; 
consist  of  clay  with  imbedded  boulders  of  various  rocks  and  of  various  sizes,  the 
term  boulder  being  properly  applied  to  rolled  or  round  masses ;  sometimes  they  con- 
tain marine  shells,  sometimes  bones,  and  sometimes  they  extend  over  large  space* 
and  occur  nl  great  altitudes  and  of  great  thickness,  without  any  trace  of  organic 
■r  shells,  liclon 
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nected  with  the  latter,  and  at  others  heaped  up  with  clay  as  deep  acciuntilations  in 
hollows. 

It  would  be  impossible  to  detail  here  all  the  peculiarities  of  such  deposits,  some- 
times assuming,  as  shown  in  Plate  III.  fig.  14,  great  regularity,  the  boulders  being 
generally  at  the  top,  and  at  others  exhibiting  a  confused  mass ;  but  the  reasoning  on 
which  the  theory  of  the  distribution  of  such  sand,  gravel,  boulders,  and  of  *'  erratics  ** 
rests  will  be  readily  understood  from  an  abstract  of  Sir  R.  Murchison's  *  Papers  on 
the  Detritus  of  Sweden.'  That  able  observer  having,  in  his  work  on  Russia,  discussed 
the  well-known  phenomenon  of  the  long  lines  of  detritus,  dotted  here  and  there  by 
''erratics,  or  angular  fragments,*'  which  stretch  from  the  Northern  regions  into 
Poland  and  Germany,  proceeds  to  examine  the  circumstances  of  the  detritus  in 
Sweden,  including  Gothland  and  Dalecarlia.  In  Scania,  the  most  southern  province 
of  Sweden,  or  that  most  distant  from  the  great  source  of  the  erratics,  the  fundamental 
rocks  are  chiefly  cretaceous,  and  they,  together  with  two  detached  hillocks  of  the 
oolitic  period,  are  covered  with  detritus  of  sand,  mud,  and  rolled  northern  boulders, 
angular  superficial  blocks  being  rare :  but  here,  amidst  these  worn  and  travelled 
fragments,  occur,  and  in  Sweden  only  here,  the  remains  of  great  land  quadrupeds ;  so 
that  Sir  IL  Murchison  infers,  that  though  the  more  northern  portions  of  Sweden  may 
have  yet  continued  under  water,  this  portion,  like  the  continent  to  the  south,  must 
have  been  raised  above  the  waters,  and  inhabited  by  such  animals  either  just  before 
or  contemporaneous  with  the  existence  of  man ;  this  latter  inference  being  principally 
founded  on  the  researches  of  Professor  Nilsson,  who  extracted  a  perfect  skeleton  of 
the  Bos  Urns,  or  B.  primigenius,  from  beneath  ten  feet  of  peat,  the  horns  of  the 
animal  having  been  deeply  buried  in  the  subjacent  blue  clay,  and  on  close  examina- 
tion discovered  in  the  vertebral  column  a  perforation  which  corresponds  exactly  to 
the  form  of  wound  which  would  have  been  inflicted  by  one  of  the  stone-headed 
javelins  of  the  aborigines  of  Scania.  Professor  Nilsson  strengthens  this  deduction 
by  the  existence,  of  which  he  considers  he  has  proof,  of  bogs  containing  these  land 
animals,  and  even  affording  evidence  of  the  co-existence  of  man,  which  have  since 
been  submerged  and  covered  by  gravel  and  sand ;  and  Sir  R.  Murchison  considers  the 
bogs  of  Scania  as  a  parallel  case  with  those  of  Ireland,  under  which  the  remains  of 
the  great  fossil  elk,  Megaceros  Hibemicus,  are  buried ;  although  the  two  cases  can 
scareely  be  parallel  if  it  be  admitted  that  the  bogs  of  Scania  have  actually  been  covered 
by  marine  drift.  Leaving  aside  this  obscure  point,  and  proceeding  north  and  east 
into  a  more  elevated  district,  the  materials  of  the  northern  drift  are  observed  to 
be  arranged  in  linear  directions,  forming  great  trainees,  which,  however,  are  not  so 
strikingly  developed  as  in  the  **  Osar,"  or  longitudinal  zones  of  gravel  of  Central  and 
Northern  Sweden.  Traversing  the  country  towards  Christianstad  on  the  east,  a 
ridge  of  gneiss  on  which  some  '*  erratics  "  rest,  a  tract  of  sand,  ten  miles  wide,  with- 
out a  single  large  block,  is  met  with, — then  at  intervals  train^s  of  gravel  with  blocks, 
and  on  nearing  Christianstad,  sandy  hills  are  observed,  which  rise  300  feet  above  the 
plain,  and  have  on  their  summits  clusters  of  angular  blocks,  whilst  such  erratics  are 
rare  in  the  plain  itself  below  them  (see  Plate  VII.  fig.  35).  In  some  of  these  hills, 
where  subsidences  have  occurred,  vertical  thicknesses  of  sand  layers  are  seen,  40  to 
50  feet  thick,  beneath  the  great  blocks,  all  of  which  are  more  or  less  angular,  and 
some  of  them  8  feet  to  10  feet  in  diameter.  Sir  R.  Murchison  here  observes,  that 
these  sandy  accumulations,  from  their  form  and  siliceous  texture,  have  all  the  appear- 
ance of  having  been  fashioned  by  currents  of  water,  whilst  they  are  surmounted  by 
isolated  groups  of  angular  blocks  which,  from  their  composition,  must  have  been 
derived  from  the  countries  on  the  north  (the  substrata  to  the  south  being  entirely 
different),  and  transported  across  the  wide  low  tracts  which  lie  around  Christianstad. 
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Proceeding  farther  nortbwud,  iDd  fluall;  into  Noithera  Sweden,  the  fheno 
long  trxin^  it  atitl  more  >tri1diigl7  exhibited,  whilit  the  roclu  are  noni  down  io 
undulating  surfaces,  and  eiamplei  ire  exhibited  of  rounded  nartbern  uid  abrupt 
wulhern  lidea.  It  ia  anneceaiary  to  punue  tbeae  deUili  further,  and  it  taty  be 
therefore  generally  remarked,  tbat  the  auperAeial  detritoa,  >o  long  called  diluvium, 
exhibit*  itaelf  in  several  distinctiTe  pbaaca.  1.  Thai  of  deep  bediof  aand,  not  heaped 
up  in  one  raau,  but  manifestly  deposited  in  lucceuive  layer*,  and  therefore,  though 
douhlleu  tritunled  hy  the  action  of  water,  and  even  moTed  along  by  currents,  to  be 
considered  as  comparatiiely  tranquil  and  regular  depotita.  2.  Lines  of  graTCl  and 
of  gravelly  clay  with  rounded  boulders,  which  aomelimei  surmount  the  more  quiet 
depoaita,  and  by  their  definite  direction  in  aucb  traini^  for  even  hnndredi  of  mile), 
indicate  the  action  of  powerful  hrrentt,  moving  in  Northern  Europe,  in  a  ilightly 
divergent  direction,  from  the  Scandinavian  Moaataina  to  the  south  on  one  hand,  and 
fr*m  the  south  to  the  north  on  the  other ;  this  latter  remarkable  fad  being  the  reault 
of  Sir  R.  Mutcbiaon'i  recent  inquiries,  and  teeming  to  indicate  that  the  tranaport  was 
not  effected  simply  by  the  naual  submarine  currents  flowing  from  north  to  aouth,  but 
partly,  at  leaat,  by  undulations  of  the  bottom,  which  caused  powerful  wavea  of  trans- 
lation in  all  directions  from  the  axis  of  disturbance.  ^.  "  Erratics,"  or  Urge  angular 
blocks,  which  are  (bnnd  not  immersed  in  the  aand,  mud,  or  gravel,  hut  resting  on  its 
surTaM,  or  on  ridges  of  rock,  where  there  is  no  such  auperficial  covering ;  and  that  it 
has  been  impoiaible  hitherto  to  adduce  any  aufficienlly  aatiafactory  cauae  of  the  trama- 
lation  of  auch  mastea,  which,  having  preaerved  tbeir  angles,  cannot  have  been  exposed 
to  the  rolling  action  of  water,  other  than  that  of  moving  ice.  4.  In  the  preceding 
cases,  the  delritut  ii  supposed  to  have  been  foreign,  or  to  have  travelled  (  but  it  ia 
very  often  in  part  local,  and  then  indicates  the  wear  of  tbe  adjacent  rocks,  both  by  the 
direct  action  of  the  sea  against  them,  and  by  ita  power  of  attrition  in  moving  ft'ag- 
ments  along  a  coast  or  a  bank.  Where  both  forma  of  detritns  occur,  great  care  should 
be  exerdsed  in  diacrimin sling  between  them,  and  determining  which  of  the  two  is  the 
nnderlythg  or  overlying.  !>.  Connected  vrith  this  qneation  ia  tbe  phenomenon  of 
what  have  been  called  raited  beaches,  although  it  mutt  not  he  supposed  that  each  of 
these  has  actoally  been  a  beach,  in  tbe  ordinary  aente  of  that  term.  Mr.  Smith,  of 
Jordan  Hill,  in  tracing  the  successive  apheavalt  which  have  given  to  the  rock  of  Gib- 
raltar its  present  form,  notices  several  modem  detritic  beds  which  contain  recent 
marine  shells  and  occur  at  various  heights  up  to  700  feet  above  the  present  sea  level. 
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protected  tide  of  the  still  eabmarine  hillock.  The  waves  of  translation  having  snb- 
iidedy  a  glacial  or  ice-floating  epoch  supenrened,  during  which  icebergs  and  ice-floes 
transported  large  angular  blocks,  and  deposited  them  sometimes  on  the  surface  of  the 
denuded  limestone,  and  sometimes  on  the  water-worn  gravel  or  Osar,  and  at  length, 
the  island  having  been  uplifted  above  the  level  of  the  sea,  it  would  exhibit  traces  of 
these  past  actions  in  its  worn  northern  face,  in  its  summit  cap  of  gravel  surmounted 
by  angular  "  erratics/'  and  in  the  gravel  bank  at  its  southern  base,  which  would  then 
become  a  beach.  New  elevations  would  raise  the  island  still  higher,  and  now,  by  the 
action  of  the  waves  against  its  surface,  local  gravel  would  be  formed  of  the  fragments 
of  the  limestone,  and  real  beaches  be  fashioned  out  of  it. 

It  is  unnecessary  to  pursue  these  speculative  details  further.  Similar  phenomena 
have  been  observed  in  America,  and  whilst  in  Europe  the  boulder  formation  has 
been  traced  southward  to  the  52°  of  latitude,  in  America  it  has  been  observed  to 
extend  to  38|° ;  to  be  occasionally  more  than  200  feet  thick ;  and  to  bear  on  its 
surface  vast  "  erratics,"  one,  a  block  of  greenstone  100  feet  in  circumference,  having 
been  noticed  by  Mr.  Lyell  on  the  summit  of  a  high  hill  of  sandstone ; — the  large 
European  erratic  on  the  Island  of  Fohnen  measuring  44  feet  across, — whilst  the  sur- 
hce  of  rocks,  when  laid  bare,  are  observed,  as  in  Europe,  to  be  striated,  furrowed,  or 
smoothed.  The  universality  of  these  phenomena  in  a  space  extending  firom  the 
northern  elevated  districts  towards  the  south,  points  to  some  general  force,  such  as 
that  which  now  effects  the  transmission  of  the  Polar  waters  to  the  Equator,  and  al- 
though such  an  action  may  be  aided  by  the  waves  of  pulsation  consequent  on  the 
elevating  forces,  it  seems  difficult  to  account  for  the  effects  by  these  latter  forces  alone. 
Further,  as  the  **  erratics  **  pursue  a  similar  direction  with  the  long  train^  of  gravel, 
they  show  that  the  currents  preserved  their  general  direction  for  a  long  period  of 
time,  and  that  such  direction  was  in  conformity  with  that  which  the  present  course 
of  icebergs  exhibits.  Sir  R.  Murchison  however  points  out,  that  to  the  north  of  the 
Scandinavian  chain,  the  "erratics"  have  moved  to  the  northward;  but  their 
extension  in  that  direction  has  not  been  traced  sufficiently  far  to  remove  them 
from  the  possible  action  of  glaciers.  Finally,  in  considering  or  discussing  these,  or 
indeed  any  geological  phenomena,  it  must  be  remembered,  that  though  one  particular 
set  of  causes  may  be  demonstrated  to  have  been  in  action  by  the  evidence  of  one  class 
of  facts,  such  proof  does  not  exclude  the  co-existence  and  co-operation  of  other  causes, 
and  that  the  only  way  of  obtaining  a  satisfactory  solution  of  the  phenomena  is  the  con- 
sideration of  all  such  causes.  It  is  thus,  that  whilst  the  discovery  of  marine  shells 
under  or  in  the  transported  gravel  in  so  many  localities,  indicates  that  a  large  portion 
of  the  earth's  surface  over  which  it  has  been  distributed  was  then  under  the  sea,  it 
does  not  preclude  the  possibility  of  currents  in  large  lakes,  such  as  those  of  North 
America,  produced  by  the  out-draughts  of  large  rivers,  and  carrying  with  them  masses 
of  ice,  loaded  with  gravel,  and  perhaps  surmounted  by  erratics :  that  whilst  it  seems 
impossible  to  account  for  the  transport  of  such  huge  masses  of  rock,  and  for  the 
angular  condition  of  erratics  by  any  other  transporting  force  than  that  of  ice,  it  would 
be  unphilosophical  to  exclude  either  form  of  that  force,  the  one  being  only  a  necessary 
result  of  the  other,  as  the  glacier  must  have  co-existed  with  the  floating  sheet  and 
berg  of  ice.  The  great  extension  of  **  Escars  "  and  **  Osars  "  indicates  the  action  or 
currents  through  a  very  great  space ;  but  the  elevatory  forces  may  have  produced 
waves  of  translation  during  the  same  epoch,  and  given  rise  to  the  formation  of  ra- 
diating lines  of  gravel,  and  by  the  modification  of  the  usual  action  of  currents,  have 
at  the  same  time  led  to  the  deposition  of  **  erratics  "  upon  them ;  and,  whilst  currents 
and  their  accompanying  floes  and  bergs  of  ice  may  have  formed  submarine  banks  of 
gravel,  and  glaciers  have  produced  their  "  moraines,"  or  terrestrial  banks,  many  a  deep 
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receii  or  iteep  luboie^ed  Tslley  may  baie  been  filled  up,  either  with  und,  gnvel,  or 
mad  mixed  with  rolled  bouldera  :  in  ahort.  all  the  canaes  which  in  the  prewot  ittte 
of  the  earth  are  known  to  co-operate  in  producing  thow  chanBCi  aud  those  resulta 
which  mif  poBnibtf  become  the  matter  of  inquiry  to  future  iatelli^nt  beings,  did  co- 
operate, iD  the  period  now  under  discussion,  to  produce  the  results  which  have  been 
classed  under  the  general  term  diluvial,  and  which  are  now  called  quatemarj,  post- 
tertiary,  or  glacial.  The  term  glacial,  which  has  been  applied  to  this  formation,  is 
derJTed  from  the  aamerout  manifestations  of  the  aclion  of  ice  oier  large  spaces; 
in  tbe  wearing  or  ttriatioo  of  rocks,  in  some  cisci  even  on  their  under  or  over- 
hanging surface  ;  in  (he  transport  of  erratics ;  and  in  the  apparent!}'  sudden  destruc- 
tion of  the  numerous  large  Biiimals  now  peculiar  to  warm  climates,  which  are  found 
either  in  tbe  gravel  itself  or  in  caves  partially  closed  by  it,  or  frozen  up  in  the  ice. 
And  a*  tbe  general  evidence  as  to  cUmale,  according  to  Dr.  Philippi,  after  balancing 
the  eiceptioaal  cues  on  the  one  hand  with  those  on  the  other,  indicates  little  dilkr- 
enoi  between  the  latest  tertiary  and  the  eiiiting  epoch,  such  destruction  seems  to 
indicate  a  sudden  depression  of  temperature  which,  whilst  it  destroyed  many  animals 
(till  fitted  for  warm  climates,  gave  rise  to  a  large  eitensioa  of  glaciers  on  land,  and 
to  a  widely  eitendcd  spread  of  floating  ice  on  the  sea.  To  throw  additional  light  on 
this  sabject  every  one  should  examine  carefully  the  grtvel  in  his  neighbourhood,  and 
endeavour  to  discover  the  locality  of  the  rocks  from  which  it  has  been  produced. 


Having  now  entered  within  the  still  passing  period  of  the  earth's  history,  our 
object  will  be  to  direct  attention  to  (hose  phenomena  which,  as  they  can  be  now 
ttudied  in  their  progress  and  changes,  are  the  more  valuable  guides  to  us  in  esti- 
mating the  character  of  the  past,  since  we  discover  in  the  illnvial  deposits,  through 
many  analogies,  the  mode  in  which  more  andent  deposits  have  been  formed.  It  is 
now  that  the  action  of  riven  may  he  traced,  the  extension  of  the  deltas  at  their 
mouths  estimated,  and  the  action  of  the  sea  itself  observed  in  all  its  phases.  The 
processes  of  destruction  and  of  fonaatioa  connected  with  these  actions  eitend  over 
tbe  whole  earth,  though,  as  they  are  necelsarilj  modilied  by  many  local  peculiarities, 
the  result  is  not  identical  but  parallel  formations,  the  contemporaneity  of  which  it 
might  be  difficult  at  more  remote  ages  to  determine.  This  claas  of  formations  may, 
from  their  peculiarities,  be  divided  into  mecbanicil,  chemical,  and  oi^anic,  and  fur- 
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the  portions  deposited  in  the  dry  and  wet  seasons  of  the  same  year.  When  the 
durection  of  the  river  is  through  rocks  rich  in  ores  or  in  precioos  stones,  the  action 
of  its  waters  often  separates  them  from  their  matrix,  and  as  the  weight  of  inch  sub- 
stances is  generally  greater  than  that  of  ordinary  mineral  matter,  a  partial  separation 
is  effected,  as  they  remain  behind,  whilst  the  finer  matter  is  hurried  onwards.  On  de- 
posits of  this  kind,  which  become  valuable  from  the  quantity  of  ore  or  of  gems  which 
they  contain,  works  are  established  for  repeating  the  natural  process,  by  again  washing 
away  the  remaining  fine  matter;  and  in  this  manner  the  weight  of  the  substances  sought 
effects,  as  before,  their  separation.  Particles  of  gold,  platinum,  iridium,  rhodium, 
palladium,  osmium,  chrome,  and  magnetic  iron,  are  obtained  in  the  Ural  chain  of  Russia 
and  in  Brazil,  and  of  gold  in  Wicklow  and  elsewhere  ;  the  term  stream  gold  or  stream 
tin,  etc.,  being  applied  to  such  products.  As  yet,  platinum  has  only  been  obtained  in  this 
secondary  manner,  and  the  greater  proportion  of  the  gold  is  similarly  procured,  as 
well  as  a  considerable  part  of  the  tin,  whilst  the  zircon  of  Bohemia,  the  chrysoberyls 
and  hyacinths  of  Ceylon,  the  diamonds  of  Brazil  and  of  the  East  Indies,  are  due  to 
similar  separation  and  deposition  ;  so  that  mankind  is  indebted  to  these  newer  ope- 
rations for  much  of  their  direct  wealth,  as  well  as  for  that  which  springs  from  the 
fertility  of  the  soil,  restored  by  the  overfiowing  of  rivers  charged  with  mineral  matter, 
as  in  the  well-known  case  of  the  Nile.  In  Borneo,  gold  has  been  found  mixed  with 
alluvial  matter  in  limestone  caves.  The  gravel  of  the  Rhine  is  estimated  by  M. 
D'Aubr^  to  contain  an  amount  of  gold  equivalent  in  value  to  165,828,000  francs,  or 
£6,564,025  ;  but  what  is  this  compared  with  the  vast  quantity  of  gold  sent  from  the 
diggings  in  Australia  and  California,  amounting,  between  August  1851  and  December 
1856,  to  upwards  of  12,500,000  oz.,  which  at  £4  per  oz.  gives  £50,000,000  sterling 
from  Australia  alone  ?  The  amount  from  California  being  most  probably  even  greater, 
though  the  gold  is  not  quite  so  pure. 

Deltas. — VHiere  rivers  discharge  their  suspended  mud  into  the  sea,  and  where  the 
coast  is  shelving,  and  there  is  no  powerful  marine  current,  a  delta  is  often  formed  by 
the  deposition  of  mud  at  the  point  where  the  waters  have  lost  their  transporting  power. 
This  class  of  de[)osition  usually  commences  at  the  centre  of  the  river's  mouth,  and 
an  island  is  first  formed,  which  goes  on  extending  and  widening  till  a  triangular  space 
is  occupied  by  the  deposit,  the  apex  being  directed  upwards,  and  the  base  facing  the 
sea ;  and  this  peculiarity  of  form  having  been  first  specially  noticed  in  the  mouth  of 
the  Nile,  the  deposit  assumed  the  name  of  Delta,  from  the  Greek  letter  of  that  name. 
Sometimes,  as  in  the  Nile  and  the  Rhine,  several  islands  arc  simultaneously  formed, 
so  that  the  delta  is  finally  a  compound  one,  and  is  separated  by  various  channels. 
The  delta  of  the  Ganges  is  still  more  remarkable  than  that  of  the  Nile  and  Rhine,  its 
perpendicular  depth  from  the  apex  to  the  base  being  about  180  miles,  and  therefore 
exhibiting  a  formation  comparable  in  extent  to  many  of  those  of  past  geological 
epochs. 

From  the  action  of  the  Sea. — As  the  rivers,  so  does  the  sea  itself  effect  a  change 
in  the  form  and  position  of  the  land  with  which  it  is  in  contact ;  for,  whilst  at  one 
point  its  waters  encroach  and  carry  away,  at  another  they  deposit  and  increase ;  and 
as  they  contain  from  three  to  four  per  cent,  of  various  mineral  salts  (as  chloride  of 
sodium,  chloride  of  magnesium,  sulphate  and  carbonate  of  magnesia,  sulphate  and 
carbonate  of  lime),  their  resulting  formations  are  often  more  fixed  and  solid  than 
those  of  fresh  water.  This  is  specially  the  case  in  warm  climates,  and  as  the  frag- 
ments of  shells  are  often  mixed  with  the  deposits,  as  well  as  comminuted  portions  of 
calcareous  rocks,  there  are  sometimes  formed  sandstones,  sometimes  limestones, 
sometimes  conglomerates.  It  is  in  such  a  formation  at  the  Island  Grande  Terre,  near 
Guadeloupe,  that  human  remains  have  been  imbedded ;  and  there  cannot  be  a  doubt 
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that  many  >uch  an  in  progreu  below  the  watera  of  tbe  aea,  and  oblji  to  be  brought 
to  ligbt  b;  luch  upheaTali  a£  the  coait  and  aea  bottom  ai  that  which  affected  to 
itrikiDgljr  the  coaat  of  Chili. 

Chmical  Depenti. 

Cole  T\ff  and  Calc  Sinter,  or  Trmtrlm. — Where  minenl  waters  come  to  tbe 
surface,  and  ai  tbey  ponoe  their  course  along  it,  by  tbe  iofluence  of  light,  air, 
evaporation,  loss  of  temperature,  abiorptioa,  and  escape  of  carbonic  acid,  a  mineral 
deposit  is  thrown  down.  Springs  cliarged  with  lime  jield  in  ibil  manner  calc  taff, 
or  Binter,  which,  according  to  the  researchel  of  Giutav  Rose,  assumes  the  form  in 
cold  apringi  of  calc  Bpar,  and  in  hot  springs  that  of  amgonite.  Calc  tuff  is  usually 
a  porous  mass,  hut  sometimes  its  layers  are  luffidendy  firm  to  be  used  in  building, 
and  are  then  valuable  from  their  lightness.  The  most  remarkable  example  of  such 
'  Travertin '  formitians  is  to  he  found  in  Italy,  and  so  rapid  is  the  progress  of  de- 
position, that  at  tbe  Baths  of  San  E^ippo,  a  mail  30  feet  thick  has  been  formed  in 
twenty  years.  These  springs  are  made  use  of  to  procure  stone  casts,  the  lime  bdng 
depoMted  in  a  firm  and  solid  state  on  models  immened  in  the  water.  In  Hungary, 
calcareoui  springs  have  created  for  tbemtelves  backi  of  calc  tuff,  the  peaks  of  which 
project  and  look  like  craters.  Sucb  tuff  is  sometimes  rendered  still  more  friable  and 
porous  by  enveloping  moss  and  leaiea,  and  in  other  instances,  although  soft  when 
fresh  broken,  it  becomes,  on  exposure,  a  hard  building  stone,  as  at  Jena. 

Siliceout  Tuff,  orSmter. — Thermal  springs  deposit,  on  cooling,  much  of  their  silex. 
The  hot  springs  of  Iceland,  snd  especially  the  Geyser,  are  of  this  description.  At 
iotervalaof  a  few  minutes,  a  lofty  column  of  hot  water  is  thrown  up,  and  then  a  dense 
fog  overspreada  tbe  surrounding  ground,  and  from  tbis  condensed  and  cooled  spray 
the  tilex  is  deposited  in  the  porous  form  of  tuff,  or  sinter,  whilst,  in  the  interior  of 
the  basin,  a  species  of  opal  is  formed.  Several  springs  which  deposit  silei  are  found 
in  the  Azores  ;  and  it  is  very  probable  that  semi-opal  and  hyalite,  which  are  found 
frequently  in  Germany  in  the  crericcB  of  basalt,  and,  in  short,  most  of  the  siliceoui 
minerals  which  are  so  aliundant  and  so  beautiful,  in  connection  with  that  formation, 
have  been  formed  in  a  similar  manner  by  the  filtering  away  or  the  absorption  of  the 
water  by  which  the  mineral  matter  had  been  originally  dissolved. 

Beg  Iron  (LimonUe). — Ferruginous  springs  or  waters  deposit  a  brownish-red  scum 
of  peroxide  of  iron  on  their  banks,  or,  when  they  pass  through  boggy  or  marshy 
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FrtnzenftbAd,  near  Eger,  are  partly  coated  with  a  white  saline  crust  of  solphate  of 
soda  (Glauber  salt)  and  sulphate  of  iron,  which  is  now  turned  to  a  profitable  nse. 
Some  salts  exude  out  of  the  rocks,  especially  in  cavities,  as  is  the  case  with  saltpetre, 
nitrate  of  potash,  or  nitre,  in  a  remarkable  degree,  in  the  limestone  caverns  of  Brazil 
and  of  Ceylon. 

Mineral  Oily  or  Pitch. — In  several  parts  of  the  earth  are  springs  of  a  mineral  oil, 
which  on 'drying  becomes  either  asphalte  or  a  species  of  coaly  mass.  The  Carpa- 
thians and  the  vicinity  of  the  Dead  Sea  are  rich  in  these  springs,  as  is  the  island  of 
Trinidad,  where  there  is  a  complete  sea  of  asphalte.  In  Germany,  at  Brunsvrick, 
several  asphalte  springs  have  more  recently  been  discovered.    Another  locality  is  the 

island  of  Zante. 

Organic  Formaiiont, 

Prom  the  action  of  Plants  or  Jnimalt — 7\<i/.~This  description  of  formation  is 
rightly  connected  with  geognosy,  as  it  is  in  some  instances  covered  by  recent  mineral 
deposits,  and  in  others  exhibits  a  passage  into  the  brown  coal,  which  is  a  constituent 
part  of  the  earth's  crust.  Turf  consists  principally  of  an  accumulation  of  marsh  and 
water  plants,  especially  of  various  species  of  moss,  the  lower  layers  of  which  have  in 
succession  died,  and  through  the  action  of  humic  acid  been  changed  into  a  peculiar 
brown,  felted,  slimy,  and  combustible  mass.  In  some  of  the  layers  of  turf,  the  re- 
mains of  plants  are  so  decayed  and  changed  that  their  original  condition  can  only  be 
inferred,  but  in  others  the  actual  species  of  the  moss  can  yet  be  determined.  In 
some  bogs,  the  growth  appears  to  have  ceased,  whilst  in  others  vegetation  is  still 
vigorous  on  the  upper  surface.  In  Alt-Warmbriicher  moor,  near  Hanover,  cutting 
for  the  second  time,  the  turf  has  been  re-formed,  according  to  Leonhard,  in  fifty 
years,  and  during  the  last  thirty  years  a  layer  from  4  feet  to  6  feet  thick  has  been  in 
course  of  formation.  At  Franzensbad,  near  Eger,  a  similar  fact  has  been  observed, 
the  exhausted  turf  hollows  having  been  again  filled  with  new  turf  plants  in  from  ten 
to  twenty  years,  which  are  formed  into  useful  turf  in  from  fifty  to  one  hundred 
years.  The  great  bogs  of  Ireland  are  amongst  the  finest  examples  of  this  kind  of 
formation,  both  as  regards  their  extent  and  depth ;  and  although  no  very  detailed  or 
satisfactory  observations  have  been  made  on  the  new  growth  of  bog  in  old  exhausted 
hollows,  where  drainage  and  cultivation  have  not  so  modified  the  conditions  as  to 
stop  it,  a  very  slight  observation  is  sufficient  to  show  that  the  first  step  of  the  ac- 
cumulation of  moss  plants  can  yet  be  traced.  Keferstein  has  remarked  that  turf  for- 
mations are  rare  on  calcareous  and  frequent  on  siliceous  bottoms ;  but  Ireland  is 
against  the  generality  of  this  observation,  as  turf  is  abundant  in  some  of  the  limestone 
districts,  and  has  in  several  cases  grown  over  lacustrine  deposits  of  shell-marl.  Thick 
beds  of  turf  occur  on  the  summits  of  some  high  hills  in  Ireland  and  other  countries, 
where  a  clay  bottom  retains  the  moisture.  On  the  banks  of  the  North  Sea,  a  species 
of  turf  is  formed  from  accumulations  of  seaweed.  Large  masses  of  bog  have  some- 
times been  detached,  and  become  floating  islands,  one  of  which  on  the  Gordauer 
Lake,  in  Prussia,  was  so  large  as  to  support  a  hundred  head  of  cattle,  until,  in  1707, 
it  was  broken  up  by  a  severe  storm.  Sometimes  turf  is  found  below  the  high-water 
level  of  the  sea,  as  at  Greifswalde  and  Geageland,  on  the  East  Sea,  and  in  an  interest- 
ing example  on  the  north  coast  of  Ireland,  near  Portrush,  the  elytra  of  beetles  (fresh 
and  bright)  occur  between  the  layers  of  turf.  Turf  is  also  formed  in  the  warm  zones, 
as  at  San  Paulo  in  the  Brazils.  In  the  Irish  bogs,  the  roots,  trunks,  and  fragments 
of  the  branches  of  large  trees,  both  oak  and  fir,  are  abundant,  and  in  several  in- 
stances, two  or  three  successive  sets  of  the  roots  are  observable,  standing  upright  one 
above  the  other.  As  before  observed,  turf  exhibits  a  connecting  link  between  the 
existing  epoch  and  the  next  preceding  it.     It  is  sometimes  very  compact,  full  of  iron 
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pjiitMi  which  freqacDtl;  induce*  sponUneciu  combnttion  uid  the  fbrmfttion  of  aol- 
phalea ;  often  containi  fresh- inter  thella  r  and  ia  covered  by  layer*  of  uod  and  clajr, 
thai  eibibiting  a  paaaage  to  the  brown  coal.  In  Langenaalza,  a  bed  of  luch  turf  with 
Bt«iDl  of  ireei  was  foand  under  a  coiedng  of  12  feet  of  sand  and  7  feet  of  earth.  At 
Wittgendorf  alto,  near  Sprottau,  in  Sile>ia,turf  reitingoD  fresb-natcr  marl  it  covered 
with  sand  and  grarel. 

Suimarine  Fortiit.—0-D  various  part*  of  the  coast  of  Great  Britain  and  ot  the 
North  of  France,  are  found  the  remains  of  ancient  growths  of  trees  and  plant*  in 
positions  below  the  leiel  of  the  sea,  though  they  are  of  species  atill  living.  These 
become  liaible  sometimes  from  the  encToachmeot  of  the  sea  on  the  coast,  and  at 
other  lime*  simply  by  the  ebb  of  the  tide,  whence  their  name.  They  probably  owe 
their  preaent  po*iliaa  to  a  partial  depression  of  the  land.  A  very  beautiful  ex- 
ample of  lueb  remains  of  trees  has  been  brought  forward  hy  Colonel  James,  R.E., 
bdng  a  diacovery  made  whi]it  eicaiating  the  splendid  new  steam  basin  in  the  Porta- 
mouth  Dockyard.  On  the  western  cout  of  Jeney.  Genecil  Lewis  has  noted  a  flue 
example  of  snch  forests. 

C«rat  rt^  and  Itlandt. — They  occur  in  the  Padlic  and  Indian  Ocean*  and  in 
the  Red  and  Mediterranean  Sea*.  The  formation  of  ancient  limestone  hills  has  been 
explained  by  reference  to  these  reefs  and  islands,  in  the  supposiiion  that  ^reat 
masse*  of  rock  were  thu*  built  up  from  the  bottom  by  the  continued  growth  of 
polype*  enveloped  in  their  calcareous  coverings, — and  that  such  maues  of  coral  rock 
covered  the  sea  bottom ;  bnt  recent  researches,  especially  those  of  Quoy,  Gaimard, 
and  Ehrenberg,  have  shown  that  the  growth  of  coral  does  not  continue  in  great 
depths,  and  that  coral  reefs  or  islands  are  only  incrustations  on  the  ineqnalitiei  of  the 
■ea  bottom,  whether  formed  of  mountain  masses  as  yet  not  elevated  to  view,  or  of 
banlu  of  detritic  matter,  and  arc  therefore  not  generally  more  than  20  feet  or  30  feet 
thick.  Whilst,  then,  such  formations  explain  the  true  nstore  of  coral  reefs  of  ancient 
epochs,  the  great  masses  of  limestone  could  only  have  been  formed  by  coralliferoua 
zoophytes  during  a  gradual  subsidence  of  (he  eartb'a  cmat,  by  which  the  surface  was 
kept  at  the  proper  depth  for  their  successive  growth.  The  habits  of  coralliferoua 
lAophytea  explain  also  those  deposits  of  shale  with  calcareous  layers  of  corals  which 
form  so  large  a  portion  of  the  carboniferous  ayitem. 

Iiffiaoria. — Ehrenberg  ha*  discoverd  that  whole  masses  of  rock  consist  of  little 
else  than  infusorial  remains,  as  in  tripoli,  polishing  state,  and  kieselguhr.    Sometime* 
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was  found  under  a  bog ;  and  in  Galway,  at  stated  in  the  tabular  view,  a  hut  and 
paved  passage  were  found  under  about  30  foet  of  bog,  by  the  late  Captain  William 
Mudge,  R.N. 

CONNBOnON    AND    BrFBCTS    OF    I0NB0U8,   AND    8PBCIALLT  OF    BRUPTITB    ROCKS, 

ON   THB   BARTH'S    CRUST. 

In  the  preceding  pages,  this  branch  of  geological  inquiry  has  been  frequently  re- 
ferred to,  and  in  the  tabular  views  of  rocks  and  of  formations  the  connection  of  the 
igneous  with  the  stratified  has,  as  regards  time,  been  pointed  out.  The  present  ob- 
ject is  to  trace  briefly  the  results  of  that  connection  in  modifying  the  earth's  crust. 

In  its  general  appearance  granite  is  very  distinct  from  recent  lavas,  and  yet,  by 
the  intervention  of  rocks  which  form  a  sort  of  mineral  passage,  granite,  syenite, 
greenstone,  and  basalt  are  linked  into  a  chain  which  connects  the  ancient  with  the 
modem  igneous  rocks. 

The  great  extension  of  the  granite  group  over  the  surface  of  the  globe  indicates 
that  its  appearance  is  due  to  some  very  general  cause ;  and  in  like  manner  the  fre- 
quent co-existence  of  granite  and  metamorphic  rocks  indicates  that  both  are  related 
to  such  great  modifying  cause.  In  the  Erzgebirge  at  Geier  the  granite  has  forced 
itself  up,  in  three  blunt  hills,  through  the  mica  schist,  which  in  its  vicinity  has  been 
further  changed  into  gneiss ;  and  in  the  county  of  Cavan,  in  a  similar  manner, 
rounded  hills  of  granite  occur  amidst  an  ancient  metamorphic  schist.  In  the  former 
case  the  granite  has  evidently  been  protruded  subsequent  to  the  deposition,  and  even 
to  the  partial  metamorphism  of  the  schists  ;  but  the  exact  epoch  of  its  protrusion  is 
not  determinable.  In  the  granite  of  the  valley  of  the  Neckar,  near  Heidelberg,  how- 
ever,  though  its  antiquity  cannot  be  settled,  there  is  a  limitation  upwards,  as  it  has 
been  laid  bare  by  the  denudation  of  the  new  red  sandstone  which  had  once  overlaid 
it ;  and  such  examples  as  these  prove  the  repetition,  at  various  epochs,  of  the  action 
of  elevating  forces,  by  which  the  surface  of  the  earth  was  disturbed  and  igneous 
rocks  forced  upwards.  Confirmatory  of  these  views,  granite  exhibits  itself  in  two 
forms,  either  as  forming  mountain  masses,  or  as  veins.  The  veins  are  of  various 
thicknesses,  from  a  few  inches  to  several  feet,  and  it  frequently  happens  that  massive 
granite  is  penetrated  by  veins  of  granite  differing  from  it  in  constitution :  thus, 
Leonhard  has  called  the  one,  principally  porphyritic  from  the  presence  of  dissemi- 
nated felspathic  crystals,  mountain  granite ;  and  the  other,  which  is  not  porphyritic, 
vein  granite.  Granite,  by  acquiring  hornblende,  sometimes  passes  into  syenite,  and 
distinct  veins  of  granite  are  frequently  observed  traversing  syenite.  In  the  Oden- 
walder,  the  syenite  is  traversed  by  many  granite  veins,  but  a  vein  of  the  syenite  in 
the  granite  has  not  as  yet  been  observed,  so  that  it  has  been  assumed  that  the  syenite 
is  older  than  the  granite.  The  frequent  connection  of  granite  with  gneiss  and  mica 
schist  brings  it  more  in  relation  with  the  metamorphic  processes,  whilst  the  passage 
of  syenite  into  greenstone  keeps  up  a  similar  relation  between  the  ancient  and  modem 
eruptive  rocks.  Another  instance  of  such  relations  may  be  also  cited  in  granulite  or 
weiss-stein,  where  compact  felspar  becomes  the  principal  constituent;  for  although 
this  rock  sometimes  assumes  an  independent  massive  form,  and  in  veins  traverses 
granite,  it  must  be  considered  a  member  of  the  group  which  includes  the  trachytes 
or  felspathic  lavas.  The  veins  of  granite,  granulite,  and  syenite,  often  contain  large 
fragments  of  gneiss  and  other  schistose  rocks,  and  the  strata  adjacent  to  these  masses 
are  both  much  contorted  and  greatly  metamorphosed.  At  Meissen  and  Hohnstein  in 
Saxony,  the  granite  even  overlies  the  quadersandstein,  but  it  is  supposed  that  this  is 
owing  to  disturbance :  at  Christiania  in  Norway,  and  in  the  Harz,  it  is  found  between 
the  layers  of  primary  schist  and  limestone,  which  it  has  penetrated  by  veins,  changing 
VOL.    II.  M 
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tbe  schitt*  into  ■  tpedet  of  homitoTie ;  and  inch  eiftiaple*  might  be  multiplied  Trom 
muiT  aodi  diatricM. 

Grttnitmt. — Tbil  rock,  brought  >o  cloielyinto  relation  vitb  the  granite  ^ap  b; 
the  intervention  of  tjieaite,  ipproachei  in  lilie  manner  very  near  to  the  basaltic  on 
the  other  hand,  bo  that  it  aObrdi  •  connecting  hnk  betneen  them ;  but  whilst  granite 
and  tjenite  exhibit  only  very  obicure  eiamples  of  intercalation  or  even  inperpoeition 
to  itratiGed  depoiti,  ^reenatoQe  ia  often  ao  cloaely  connected  with  both  tbe  non- 
fouilifenma  cryatalline  ichiiti  and  the  primary  icbiiti,  not  only  occurring  in  intruded 
maMM  and  penetrating  mna,  but  also  in  beds  alternating  with  the  regular  stratai, 
that  it  was  by  Werner  classed  with  them.  Where  tbe  icbiitaie  beds  are  penetrated 
by  greenstone,  the  strata  are  often  much  contorted,  and  the  structure  becomes  in- 
tricate, affording  thus  another  analogy  with  dedded  igneous  rocks ;  and  where  tbe 
two  classes  of  rocks  are  diapoied  in  regular  and  parallel  strata,  distinct  transition 
from  one  to  the  other  can  frequently  be  obaerved :  bat  this  \%  not  always  the  case,  m 
In  tome  instances,  especially  wbere  ■  thick  bed  of  limestone  occurs,  tbe  separation 
betneen  the  two  is  very  distinctly  marked.  It  is  thus  that,  reviewing  the  Tariooa 
circumstances  connected  with  thia  rock,  the  more  decided  metamorphie  tbeotistt 
consider  it  an  oltimate  result  of  metamotphism,  whilst  the  eruptiTC  tbeorista  connect 
it  with  erupted  rocks,  considering  the  alternating  beds  as  tbe  producta  of  so  many 
distinct  eruptions.  The  more  general  aspect  of  thit  rock  i(  characterized  by  knoll- 
like or  conical  maases,  and  these  are  sometimei  recognized  at  •  distance  M  small 
lump-like  excrescences  projecting  above  the  stratified  deposit.  The  columnar  atmc- 
ture  is  rare.  The  close  resemblance  between  syenite  and  greenstone  makes  it  da> 
tirible  to  have  some  rules  for  distinguishing  them.  Those  of  Cotta  arc  as  below. 
Syetdtt.  Diorite  or  Grmatrin. 

The  dark  green  hornblende,  blmded  The    mostly   white    aibite    weathers 

with  tbe  yellowish  or  red  Labrador  fel-  sooner  than  the  dark  green  hornblende, 
spar  and  weathering  nearly  ti^tber,  both  ao  that  the  crystals  of  the  latter  project 
fDrm  on  the  surface  an  iron-shot  crust.         aboTe  tbe  weathered  aurface. 

Cohv. — Reddish  or  whitish  green.  Green,  approaching  to  black. 

Oceatianal  Ingredimtt. — Almost  eon.  Iron   pyrites    aud    magnetic    pyrites 

stantly  small  bromi  crystals  of  titanit,      (simple  salpburet  of  iron). 
and  sometimes  quartz  and  mica. 

Fitturtt,  lined  with  epidote.  Also  cc 
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Serpenime  is  allied  to  greenstone,  and  exhibits  similar  physical  features.  Its  Teina 
penetrate  the  crystalline  schists,  as  well  as  granite  rocks,  and  it  appears  to  have  been 
protruded  amongst  the  beds  of  the  Jura  formation,  being  abundant  in  the  Alps. 
Serpentine  veins  in  marble  are  a  curious  example  of  metamorphic  action,  as  indica- 
ting diffusion  rather  than  penetration,  and  cannot  be  connected  in  many  cases  with 
any  great  mass.  The  fissures  and  cavities  of  serpentine  are  often  covered  with 
asbestos. 

Porphyry  Group,  including  felspar  porphyry,  pitchstone  porphyry,  and  augite  por- 
phyry.— ^These  rocks  all  affect  a  similar  physical  character,  appearing  in  lump-like 
masses  and  projecting  dykes  into  granite,  crystalline  schists,  and  various  stratified 
deposits.  They  frequently  appear  as  isolated  hills  amongst  other  rocks,  and  have 
been  noticed  in  all  parts  of  the  earth.  Felspar  porphyry,  including  homstone  and 
daystone  porphyry,  forms  extensive  masses,  and  also  dykes  of  great  length,  which 
frequently  contain  fragments  of  the  rocks  passed  through,  and  are  sometimes 
bounded  by  a  breccia  formed  by  their  action  upon  them.  The  pervading  form  of 
this  group  of  porphyries  is  rather  angular  than  round,  and  tabular  beds  and  columns 
are  common,  so  that  there  is  a  close  analogy  in  structure  to  basalts.  Metallic  veins 
are  rare  in  the  porphyry  itself,  though  more  frequent  at  its  contact  vrith  schists ; 
in  the  Tharander  Walde,  the  main  mass  lies  between  gneiss  and  clay  slate,  and  dykes 
from  it  ramify  through  both.  At  the  '  Zeisigsteines'  it  becomes  columnar,  and  at 
the  Esberge  still  more  so.  The  overlying  rock  is  here  the  *  Quadersandstein,'  in 
which  there  is  an  analogical  resemblance  with  the  similar  porphyry  in  the  county  of 
Antrim.  Between  Freiberg  and  Frauenstein,  dykes  many  miles  long  cut  through  the 
gneiss,  and  are  themselves  penetrated  by  metallic  veins.  Pitchstone  porphyry,  in- 
cluding pitchstone  and  pearlstone,  is  comparatively  rare,  and  is  usually  connected 
with  other  porphyries,  which  it  either  penetrates  in  mass  or  by  dykes :  it  occurs  in 
Ssxony,  in  Hungary,  and  extensively  in  the  island  of  Arran :  it  appears  also  in  the 
felspar  porphyry  district  of  Antrim. 

Meiaphyr,  {augite  porphyry ^  augite  rock,  etc.) — This  rock  is  sometimes  amygda- 
loidal,  and  generally  appears  either  in  small  knoll-like  masses  or  in  irregular  dykes, 
penetrating  massive  and  schistose  rocks,  and  effecting  important  changes  in  the  fos- 
siliferous  deposits.  The  varieties  of  this  rock  are  very  numerous,  as  it  becomes  por- 
phyritic  from  detached  crystals  of  auffite,  of  mica,  or  of  felspar.  Its  bladder-like 
and  amygdaloidal  structure,  and  the  occasional  existence  of  columns,  approximate 
the  rock  to  the  basalts. 

Baaalt  Group,  including  clinkstone  and  trachyte. — This  remarkable  group  brings 
up  the  working  of  ancient  igneous  forces  to  the  very  threshold  of  the  existing  epoch. 
In  basaltic  countries,  isolated  conical  hills  are  common ;  such  independent  knob-like 
masses  of  all  sizes  from  5  to  1000  feet  in  height,  and  from  10  to  many  thousands  in 
diameter,  projecting  above  the  surface  of  the  country,  and  sometimes  being  connected 
together  in  one  great  mass.  The  basalt  is  sometimes  like  a  stream  of  lava  spread 
over  other  strata,  and  it  is  frequently  found  alternating  with  them :  it  has  penetrated 
through  all  the  ancient  igneous  rocks  and  through  all  the  fossiliferous  strata  up  to 
the  post-tertiary,  and  some  of  its  varieties  often  intersect  others.  Where  basaltic 
dykes  have  crossed  other  rocks,  remarkable  chemical  and  mechanical  effects  have 
been  produced ;  granite  gneiss  and  mica  schist  have  been  reddened,  and  (especially 
the  mica)  partially  melted;  clay  slate,  burnt  and  hardened;  sandstone,  reddened, 
glazed,  and  reduced  to  a  columnar  structure ;  stone  and  wood  coal,  charred ;  lime- 
stone, frequently  reduced  from  an  earthy  or  compact  to  a  crystalline  state ;  shale, 
changed  to  jasper ;  fragments  of  underlying  beds,  raised  to  a  higher  level,  and  the 
regular  strata,  disturbed  and  uplifted,  though  not  to  the  same  degree  as  by  granite 
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ud  porphyrr,  the  cbemicil  exceeding  the  mechanical  effect!  on  tbii  claia  of  rock. 
It  ia  in  baialti  that  the  columnar  structure  becomes  moit  itriking,  and  vbereret  ft 
deep  aectioD  can  be  obierved,  aa  on  the  northem  coait  of  Ireland,  bighlr  catumaM' 
beds  vill  be  teen  asaociBted  with  othera  pureljr  mtaaive,  and  the  several  heda  aepa- 
rated  the  one  from  the  other  by  beds  of  ochre  and  of  amygdaloid.  The  columns  are 
of  varioui  forms,  the  pentagonal  and  beiagonal  pretailingi  and  tbcf  ire  often,  aa 
at  the  Giant's  Causeway,  beautifully  jointed :  they  appear  sometimes,  on  the  face  of 
a  bed,  like  long  rovs  of  closely  arranged  pillan ;  at  othen  they  radiate  from  a  cen- 
tral axis,  and  in  dykea  they  are  frequently  horizontal.  The  bladder  or  babble-like 
cavities  of  baaalt,  and  specially  of  amygdaloid,  have  been  Hlled  with  a  great  number 
of  beautiful  minerals,  including  the  whole  fiaiily  of  zeolitea.  The  magnitude  and 
beauty  of  basaltic  dykes  are  frequently  brought  to  more  marked  observation  by  the 
atriking  contrast  between  tfae  nearly  black  colour  and  the  mason-like  aapect  of  the 
dyke,  and  the  lighter  hue  of  the  itratified  rocks  through  which  they  pass,  or  by  their 
Independent  ippearaQCc,  projecting  like  walla  above  the  aurface  when  the  aofter 
■trata  have  been  wom  away. 

PhoMlilh  (clinkitone  and  cUnkatone  porphyry)  and  trachyte  are  not  ao  widely 
•pread  aa  true  basalta.  Pusagei  between  clinkstone  and  trachyte  may  be  traced, 
and,  where  they  occur  in  masBea,  the  larger  are  generally  more  of  Irscbytic,  and  the 
smaller  of  phonohthic  character.  The  columnar  and  tabular  forms  of  ttmcture  are 
observable,  as  well  aa  dome-shaped  or  conical  hilli.  Trachytes,  occasionally  varying 
to  phonolith,  occur  in  the  well-known  Siebeogebirge,  in  Hungary,  in  the  South  of 
Prance,  and  eitenaively  aa  Andesite  in  the  Andea.  As  true  lavas  aasume  the  baaallic 
and  trachytic  forma,  it  may  reaaonably  be  assumed  Ibat,  excepting  in  the  exhibition 
of  craten,  baaalta  and  trachyte  are  atrictly  analogous  to  luch  lavaa,  and  therefore 
bring  the  igncooa  tocka  up  to  the  existing  epoch. 


Volcanic  products  are  found  in  every  region  of  the  earth's  aurface,  some  of  which 
have  proceeded  from  volcanoes  now  extinct,  and  the  rest  from  those  still  in  action ; 
■ud  u  closely  are  these  products  related  to  those  of  the  basaltic  and  trachytic  group, 
to  which  they  are  aometimei  also  placed  in  near  proximily,  that  it  would  be  scarcely 
possible  to  dis^nguish  them,  were  it  not  that  in  the  ancient  groups  cratera  are  vrant- 
ing,  as  also  those  aubitances  which  have  been  thrown  up  from  them  by  eruptive 
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came  bombif  so  called  from  their  resemblance  to  sheUt,  which  are  sometimes  hollow 
and  sometimes  ha^e  a  solid  lava  kernel  within  a  coating  of  slag, — smaller  pieces  of 
slag  called  lapiUi,  and  volcanic  sand  and  ashes.  The  muddy  products  are  trass,  tufa, 
peperino,  moja,  which  are  not  present  in  all  volcanoes.  These  substances  are  of  great 
practical  value  in  the  preparation  of  hydraulic  mortar. 

The  most  remarkable  extinct  volcanoes  are  those  of  the  Eifel  in  Germany,  and  of 
the  Vivarais  and  Auvergne  in  France,  in  which  districts  numerous  craters  and  lava 
streams  can  be  accurately  traced,  as  well  as  the  other  products  of  sub-aerial 
eruptions. 

It  \m  unnecessary  to  enumerate  here  still  active  volcanoes,  but  it  is  desirable  to 
notice  their  geological  effects,  and,  in  order  to  comprehend  them,  to  bear  in  mind  that 
earthquakes  in  the  existing  epoch  are  a  portion  of  their  phenomena, — the  earthquake 
often  preceding  the  volcanic  eruption, — both  being  the  result  of  unusual  movements 
in  the  interior  of  the  earth.  It  is  thus  that  whilst  the  streams  of  lava  which  flow 
over  the  sides,  and  the  dykes  which  penetrate  the  walls  of  the  crater,  illustrate  the 
more  ancient  igneous  products,  the  movement  of  the  earth's  crust,  its  upheaval  or  its 
depression,  and  the  cracks  which  fissure  it  under  the  action  of  the  earthquake,  are 
equally  illustrative  of  the  mechanical  effects  of  former  forces  of  a  similar  nature. 
Von  Bnch  has  divided  volcanoes  into  central  and  linear, — the  one  in  which  a  great 
central  volcano  is  surrounded  by  a  number  of  smaller,  as  in  the  case  of  Etna  and  the 
Lipari  Islands,  the  other  in  which  they  are  arranged  in  a  line,  as  if  related  to  some 
great  crack,  as  in  the  Andes,  in  the  Grecian  Islands,  etc. ;  and  a  careful  examination 
of  the  earth's  surface  vrill  doubtless  show  that  the  modifications  of  the  forms  of 
mountain  chains  may  often  be  explained  by  similar  variations  in  the  mode  of  action 
of  ancient  igneons  rocks,  when  forced  upwards. 

In  the  great  earthquake  of  Chili,  19th  November,  1822,  the  shock  was  felt  along 
the  coast  for  240  miles,  and  by  many  natural  appearances,  such  as  the  exposure  of 
beds  of  sbells,  and  of  an  old  wreck,  at  times  of  the  tide  when  they  were  not  before 
so  exposed,  it  was  ascertained  that  at  Valparaiso  the  uplifting  amounted  to  three, 
and  at  Quintero  to  four  feet ;  and  when  it  is  considered  that  the  great  chain  or  axis 
of  disturbance  along  which  the  volcanoes  are  arranged  is  at  a  considerable  distance, 
it  may  be  surely  assumed  that  the  intervening  country  had  been  raised  in  a  much 
greater  degree.  There  are  also  traces  of  more  ancient  shocks  by  which  the  coast  had 
together  been  raised  about  50  feet.  The  rocks  of  the  coast  are  granite  and  syenite, 
in  which  there  are  numerous  parallel  cracks  which  can  be  followed  landward  for 
a  mile  and  a  half.  The  effects  of  this  earthquake  could  be  traced  over  a  space  of 
100,000  square  miles. 

An  earthquake  shook  violently  part  of  Wallachia  on  the  11th  January,  1838,  and 
was  very  instructive,  as  many  parallel  fissures  were  formed,  and  then  filled  by  matter 
forced  upwards. 

The  earthquake  which  destroyed  Lisbon,  Ist  November,  1 755,  was  felt  in  all  Europe, 
so  far  as  Norway,  on  the  north  coast  of  Africa,  in  several  of  the  West  India  Islands, 
and  by  many  ships  at  sea.  At  Lisbon,  an  adjacent  hill  was  split  in  two,  and  the  new 
quay  sunk  600  feet  below  the  water.  The  changes  of  level  of  the  celebrated  Temple 
of  Puzzuoli,  near  Naples — the  rising  and  sinking  of  the  land  in  Scandinavia — the 
appearance  of  islands  forced  up — are  all  phenomena  which  exhibit  the  still  con- 
tinuing action  of  elevating  forces.  Jorullo,  in  Mexico,  affords  an  example  of  volcanic 
action  combined  with  extensive  elevation,  and  Skaptaar  Jokul,  in  Iceland,  one  of  a 
stream  of  lava  which  may  vie  with  many  of  the  ancient  basaltic  streams,  being  about 
50  miles  long,  12  miles  wide,  and  on  an  average  100  feet  thick;  whilst  a  stream  of 
lava  from  the  great  volcanoes  of  the  Island  of  Owhyhee  was  in  motion  for  nearly 
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tnelT«  tnoBtbi.  The  contcmpUtioD  of  lacb  nondeifol  effecta  of  uoiei  itill  kctiiif, 
mrf  jrtii  prepare  at  to  ettiniBte  thote  of  forcei  which  ict«d  according  to  the  ume 
lam  in  former  epocha.  Whilst,  therefore,  the  action  of  water  hai  been  generally  to 
wear  down,  transport,  and  re-deposit  in  nearly  regular  and  horizontal  order,  or,  ill 
other  vorda,  In  realore  the  leiel  of  the  earth'a  turface.  the  action  of  heat  hai,  in 
conjunction  with  electricity,  etc,,  tended  lo  disturb  that  IcTet,  and  to  raiie  tome  por- 
tions of  the  surface  above  others.  Such  an  elcTatioa  could  not  be  effected  without 
much  disturbance  and  the  fonnition  of  crach),  though  the  general  result  mig^t 
adroit  of  much  modification.  Where,  for  example,  the  elevating  farce  acted  on  a 
point  or  small  apace,  an  iaalated  mass  or  mountain  might  be  formed,  and  the  eraeka 
would  radiate  from  a  centre  ;  or  should  the  auperfiGial  pressure  be  diminished,  the 
emit  might  be  raised  like  a  great  bubble,  and,  finally  aeparating  at  its  apex,  form  the 
circular  wall  of  what  Von  Buch  calls  a  crater  of  eleratian :  if  acting  on  the  line  of  a 
crack,  either  one  aide  might  be  uplifted,  and  thus  form  a  steep  precipice  orerhangiDg 
a  plain, — an  appearance  not  unusual  in  nature, — or  both  sides  may  he  uphfted,  so  aa 
to  form  two  precipices,  with  a  valley  of  eleralion  between  them  ;  and  again,  if  cracks 
are  formed  transverse  to  otben,  and  upheaving  takes  place,  there  will  be  varioua 
modifications  of  the  primary  rii^es.  These  forces  continuing  to  act  at  intervala  for 
^es,  have  produced  the  great  and  the  crosa  cbains  of  mountains.  Von  Buch,  por- 
■uing  these  inqniriea,  observed  that  in  certain  districts  the  mountain  chuns,  the  strike 
of  the  strata,  with  some  modifications,  and  even  the  great  valleys,  had  certain  pre- 
dominant directions ;  and  EUe  de  Beaumont,  ntending  Von  Buch's  researchea, 
founded  upon  them,  in  lB30,his  Theory  of  Elevation,  according  to  which  otf  moiMfain 
chant  qf  tkt  same  age  Aon  aim  the  tame  dirtclian.  He  aainmed  that  the  earth's 
crust  baa  been  elevated  into  mountains  at  various  periods  by  forces  acting  at  all  placet 
in  parallel  directions  ;  and  to  determine  the  relative  ages  of  auch  upheavala,  appeals 
to  the  undisputed  fact,  that  uphfted  and  h^hly  inclined  strata  most  have  been  in  ei- 
iatence  prior  to  the  upheaval,  and  horizontally  deposited  strata  overlying  the  inchned, 
must  have  been  formed  tuhtequently  to  inch  upheaval ;  so  that  it  became  evident 
that  mouutain  chains  had  been  formed  at  very  different  times,  and  that  the  epoch  of 
their  elevation  must  have  exercised  much  infiuence  on  the  direction  and  grouping  of 
sedimentary  deposit*.  M.  Elic  de  Beaumont  has  in  this  manner  diatinguiabed  about 
fifteen  syatema  of  elevation,  according  to  their  age  and  direction,  and  of  which  the 
most  remarkable  are  the  twelve  following. 
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No.  6,  it  it  often  difficult  to  Beparaie  one  from  the  other.  Harz,  Teutoburger 
Forest,  etc.  10.  System  of  Cornea  and  Sardinia. — Direction,  S. — N.  The  lower 
tertiaries,  but  not  the  upper,  affected.  The  basalt  of  Hesse.  11.  Syttem  qf  the 
Western  ^(p».— Direction,  N.  26°  E.— S.  26**  W.  The  newer  tertiaries  affected. 
12.  System  qf  the  main  chain  qf  the^Alps^  from  Wales  to  Austria, — Direction, 
W. — £.,  or  E.  N.E. — W.  S.  W.  A  portion  of  the  post-tertiaries  affected.  Monte 
Yentouz,  Leberon. 

Such  is  the  theory  as  originally  propounded  by  De  Beaumont,  and  it  brings  down 
the  evidence  of  successive  elevations  almost  to  the  existing  epoch,  but  in  its 
i^lication  there  are  many  difficulties.  Many  mountains  have  evidently  not 
been  raised  by  one  impulse,  but  by  many  acting  at  different  times  and  frequently  in 
the  same  direction ;  and  as  the  crust  once  broken  becomes  easily  fractured  in  the 
same  line,  igneous  rocks  of  different  ages  may  often  be  traced  along  a  line  common 
to  several  successive  elevations  ;  nor  can  the  assumption  that  the  elevations  of  any 
one  epoch  have  everywhere  been  effected  in  parallel  and  straight  lines,  be  admitted. 
To  follow  out  such  lines  of  elevation  over  the  earth's  surface,  would  indeed  be  most 
difficult,  more  especially  as  the  more  frequently  repeated  they  were  found  to  be,  the 
more  approximated  in  direction  they  would  become, — a  difficulty  even  perceptible  in 
the  twelve  great  systems  enumerated ;  but  even  restricting  the  generalization,  it  must 
be  acknowledged  that  the  groundwork  of  the  theory  is  correct,  and  that  its  promul- 
gation has  had  a  most  powerful  effect  on  the  progress  of  geological  science. 

As  in  the  formative  processes  resulting  in  the  deposition  of  the  mineral  strata  of 
the  earth's  surface  at  various  epochs,  and  the  entombment  of  the  relics  of  successive 
races  of  organic  beings,  so  also  in  the  forces  operating  to  disturb  the  tranquillity  of 
the  universe  and  to  render  the  surface  of  the  earth  uneven,  or  a  mixture  of  hill, 
valley,  and  plain,  the  course  of  nature  has  now  been  traced  from  the  remotest  to  the 
still  passing  epoch,  and  everywhere,  and  in  all  times,  the  same  great  causes  have 
been  seen  to  act  in  breaking  up  or  in  re-forming  the  mineral  crust.  But  it  may  be 
still  doubted  how  the  great  elevating  force  has  been  developed ;  and  here  indeed  a 
difficulty  must  be  felt  in  replying,  as  direct  observation  can  only  extend  to  a  mere  film 
of  that  earth,  the  surface  of  which  it  has  affected  in  so  striking  a  manner.  The  facts 
of  disturbance  are  palpable,  and  the  nature  of  the  forces  producing  them  can  be 
inferred  by  reasoning,  though  not  demonstrated  by  observation.  Electricity  may  be 
fairly  classed  with  such  forces,  and  yet  it  may  be  only  a  secondary  cause ;  but  assuredly 
ample  reason  has  been  adduced  for  the  assumption  that  heat  must  at  least  be  a  primary 
one.  This  subject  has  been  learnedly  discussed  by  Gustav  Bischoff  in  1837,  and 
assuming  the  fluid  condition  of  the  central  portions  of  the  earth  from  heat,  he 
demonstrates  from  physical  considerations,  that  hot  springs,  the  production  of  massive 
rocks  from  the  cooling  of  the  fluid  mineral  matter,  volcanic  eruptions  and  earthquakes 
from  the  expansive  force  of  steam  produced  by  contact  of  water  with  the  still  heated 
and  fluid  internal  mass,  are  all  natural  consequences  of  such  a  condition.  When  then 
we  look  at  the  earth's  surface,  we  see  in  it  a  whole,  built  up  by  slow  degrees  ;  and  it 
has  been  the  object  of  geological  science  to  trace  its  growth  through  every  step  of  its 
progress,  and  to  separate  the  great  compound  into  all  its  elements,  both  organic  and 
inorganic. 

PRACTICAL   APPLICATIONS   OF   GEOLOGICAL   SCIENCE. 

In  the  preceding  Sections,  frequent  reference  has  been  made  to  practical  results, 
and  it  has  been  shown  that  a  correct  determination,  on  theoretic  considerations,  of 
the  geological  position  of  rocks,  is  generally  most  essential  as  a  guide  in  practical 
research.    The  economic  uses  and  value  of  many  of  these  rocks  have  been  pointed 
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ODt;  bollt  is  alio  deiirable  to  bring  forwirdmiirc  distinctly  the  eeoBomic  importtncc 
of  tbe  modiflcitiant  of  the  surface  produced  ^ther  by  disturbance  and  eleTation,  or 
by  denudation. 

It  must  at  once  strike  the  Eugineer,  that  the  proper  directtou  of  roadi,  nilwaya, 
and  canali,  tbougb  determined  protimalely  by  au  actual  inrvey  of  tbe  eiiating  con- 
ditions of  tbe  earth's  aurface,  has  in  fact  been  eatablisbed  by  tbe  geologiical  modifi- 
cations of  that  surface;  aod  it  must  therefore  be  evident,  that  in  entering  on  the 
eiamination  of  any  coanlry  for  auch  purpoaei,  a  valuable  clue  to  tbe  direction  of  the 
lines  will  be  obtained  by  a  koowtedge  of  the  prerailing  strikes  of  atratiGcation  and  of 
cleavage.  And  further,  it  is  etideni  that  a  knowledge  of  the  dip  and  uraDgement  of 
the  BtTila  must  be  of  equal  importance  in  determining  tbe  probable  nature  of  tbe  >ub- 
atrata,  and  therefore  in  guiding  tbe  Engineer  as  to  his  lateral  deviation,  either  to 
avoid  solid  substances  in  hia  deep  cuttings,  or  to  arrive  at  them  for  his  foandatioos. 
These  aidi  are  important,  but  the  effect  of  modifications  of  the  surface  on  the  diatri- 
triliution  of  water  is  atill  more  striking,  and  will  be  here  noticed  under  a  distinct 
head. 

THKORY  OF  fiPKINGS. 
Water,  perhaps  the  most  important  anbttance  in  nature,  ia  in  a  constant  state  of 
change  and  movement,  by  whicb  its  purity  and  consequent  fitness  for  performing 
the  various  functions  to  which  it  is  destined  ate  preserved.  In  the  ocean,  that  great 
ultimate  recipient  of  the  larger  proportions  of  the  rivers  and  stream!  which  flow  over 
the  earth's  aurface,  the  great  difference  of  temperature  between  the  Poles  and  the 
Equator  causes  a  continued  inlerchange  of  the  cold  and  warm  streams,  the  cold 
flowing  below,  from  the  Pole  (o  the  Equator,  and  the  warm  above,  from  the  Equator 
to  the  Pole ;  and  in  like  manner  there  is  a  perpetual  movement  upwards  from  the 
■nrface  of  the  sea  by  eiaporation,  aud  downwards  again  by  the  flow  of  the  water 
which,  having  been  condensed,  falls  as  rain  or  snow  on  the  earth,  and  returns 
gndntlly  to  the  great  reservoir  &om  which  it  had  proceeded.  Simple  aa  the 
processes  are,  tbe  result  is  most  important  to  mankind,  u  a  constant  and  suflieient 
supply  of  this  vital  fluid  in  ita  pure  and  efficient  condition  is  thus  brought  everywhere 
witbin  the  reach  of  organic  action,  either  aa  aprings,  as  rivers,  or  as  lakes :  and  when 
this  remarkable  circulation  is  contemplated,  we  can  scarcely  wonder  at  the  Speculations 
of  Keferstein,  who  saw  in  tbe  world  itself  a  living  organism.     Nor  is  it  only  in  the 


GEOGNOSY  AND  GEOLOGY.  185 

recipient  jvr^ ;  and  an  Engineer  therefore  should  provide  for  snch  a  contingency  in 
constructing  bridges  in  such  a  locality.  A  large  portion  of  water  is  thns  carried  off 
directly  by  running  over  the  surface,  but  another  large  portion  percolates  through  the 
surface  to  a  greater  or  less  depth,  in  proportion  to  its  porosity.  In  clayey  soils,  this 
passage  of  the  water  is  very  slow,  and  the  surface  therefore  in  wet  weather  becomes 
moist  and  clammy,  and  in  dry,  forms  a  crust  fissured  by  cracks.  In  sandy  or  gravelly 
soils,  the  passage  is  very  quick,  and  the  surface  keeps  comparatively  dry ;  but  if  the 
soil  be  not  very  deep,  and  the  water  be  received  on  a  more  retentive  substratum,  the 
readiness  with  which  the  moisture  is  restored  by  a  continued  evaporation,  prevents  an 
injurious  aridity,  and  in  consequence  this  condition  of  the  surface  is  more  generally 
favourable  for  vegetation  than  an  impervious  soil.  If  the  sand  or  gravel  be  on  the 
contrary  very  deep,  and  rests  on  an  inclined  surface,  it  acts  as  a  filter,  and  whilst  the 
water  is  entirely  and  rapidly  removed,  a  general  aridity  of  surface  is  produced.  These 
considerations  naturally  lead  to  a  perception  of  the  true  theory  of  springs,  which  will 
now  be  further  illustrated  in  detail. 

1^  It  has  been  seen,  that  whilst  part  of  the  rain  falls  on  the  surface  and  runs  off, 
as  on  an  inclined  plane,  another  part  filters  through  it ;  and  this  latter  part,  where 
collected  together  in  any  cavity  of  the  less  pervious  substratum,  forms  a  reservoir  of 
water.  Even  on  the  sides  of  mountains,  especially  in  damp  climates,  this  process  is 
constantly  exhibited ;  and  whilst  the  general  surface  becomes  wet  and  boggy,  nume- 
rous springs  are  seen  wherever  an  inequality  has  led  to  an  accumulation  of  water ; 
and  these,  issuing  as  scarcely  perceptible  rills,  go  on  gradually  increasing  as  they 
join  with  others,  and  finally  emerge  in  the  greater  valley  as  considerable  streams. 
Such  is  the  most  simple  and  ordinary  form  of  springs,  from  which,  taking  into  con- 
sideration the  peculiar  modification  in  each  case  of  the  earth's  surface,  may  be  derived 
every  other ;  and  it  becomes  at  once  evident  that  springs  will  become  superficial, 
small,  numerous,  but  very  temporary,  where  the  pervious  stratum  is  very  shallow  and 
the  inequalities  of  the  substratum  slight. 

2.  In  addition  to  the  water  which  forms  the  superficial  springs  on  a  mountain-side, 
a  portion  may  pass  between  the  underlying  rock  and  the  superficial  matter  above  it, 
whether  the  latter  be  a  stratified  deposit  or  ordinary  detritus  resulting  from  the  sim- 
ple decomposition  of  the  rock  itself;  or  should  the  overlying  deposit  be  moderately 
porous,  some  of  the  water  may  pass  directly  through  it  to  the  underlying  rock,  and 
in  either  of  these  cases  reservoirs  of  water  will  be  formed  in  any  great  depression  of 
that  rock.  This  is  a  case  which  may  be  expected  to  occur  in  granite  and  highly  me- 
tamorphic  rocks  ;  and  in  the  former,  in  which  open  fissures  are  rare,  whilst  superficial 
disintegration,  especially  in  hot  countries,  has  proceeded  to  a  great  extent,  it  affords 
the  only  chance  of  meeting  vrith  deep-seated  springs.  Colonel  Baddeley,  R.E.,  has 
shown  its  application  in  Ceylon ;  and  in  two  essays  on  the  subject  in  the  '  Colombo 
Observer,'  has  explained  the  principles  which  there  regulate  the  appearance  of  springs. 
The  underlying  rock  is  a  highly  metamorphic  hornblendic  or  syenitic  gneiss,  the  out- 
cropping edges  of  which  have  undergone  much  original  modification,  and  is  therefore 
supposed  to  form  an  undulated  surface — as  in  fig.  10  (see  next  page) ;  the  hollows 
being  filled  up  by  a  detritus,  proceeding,  according  to  Colonel  Baddeley,  from 
the  simple  disintegration  in  situ  of  the  more  felspathic  surface.  From  the  mere 
inspection  of  the  figure,  it  is  evident  that  whatever  may  be  the  origin  of  the 
matter  filling  up  the  inequalities  of  the  underlying  rock,  the  water,  either  in  part 
percolating  through  it,  or  passing  between  it  and  the  surface  of  the  sound  rock,  must 
accumulate  in  the  hollows,  and  that  in  consequence  it  may  be  necessary  to  sink  at  h 
to  80  feet  for  water,  although  at  a  it  had  been  found  at  40;  and  further,  that  should 
the  rock  under  b  slope  gradually  off  and  become  exposed  in  a  valley  or  on  the  side  of 
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er  ma;  dl  be  caRied  off  ■■  qoicU;  ■■  mpplkd,  and  prodoe 
It  ipriag, — drcDnuUnMi  vhicli  render  tbe  March  for  mter  in  «nch  CMM 
Terj  prccaiioDi.  It  maj  be  further  aiUed  in  respect  to  thii  eiunple,  that  a  riung  or 
projecting  ipring  au  only  be  expected  where  the  water  pauing  between  the  detritiu 
and  the  rock  ii  peat  up  bf  then,  and  tbiu  aflbrda  a  bead  of  water;  aa,  if  it  merely 
Glten  throogb,  the  prCMnre  can  only  raiie  the  apring  to  the  lieight  at  which  the 
water  atandi  at  tiie  time  in  the  reaeiroir  or  hollow.  Tbe  oth^  form  of  thia  esie  ia, 
where  the  bollowt  of  tbe  eryttallme  rock  are  filled  by  atratified  depouti  (No.  11)  of 
abate  and  aand.  Here,  aa  the  ahale  haa  been  worn  sway,  and  tbe  rock  dennded  at 
the  mmmit,  tbe  water  may  gain  acceaa  to  the  layer  of  und  (•'),  and  prodnce  there, 
fore  a  apring  under  the  bore-hole  (a),  the  water  being  held  back  by  tbe  projection  of 
tbe  rock  to  tbe  left  of  it.  Where  the  water  bat  aatmated  the  whole  of  thii  itratnm, 
it  will  riae  oier  the  projecting  rock;  bat  ai  the  itralnm  ia  open  to  tbe  valley  below, 
it  will  be  rapidly  diuhai^,  and  produce  no  permanent  Ipiing  under  the  bore-hole 
(t),  J^ain,  under  both  a  and  i,  there  will  be  a  wcond  supply  of  water,  dne  to  the 
aand  atratnm  (<>) ;  bat  ai  these  lower  reurroira,  from  their  imperfect  connection 
with  the  inrface,  muit  reqntre  a  conaiderabte  timt  to  fill,  tbeir  practical  Talue  will  be 
in  proportion  to  their  actual  magnitude,  or  to  the  qoaotit;  of  water  prerionily  atored 
by  nature  in  them. 

fig.  10. 
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thrtmgh  the  ttntam,  but  none  at  ■  later  period,  uid  the  cbftnoe  of  peimineitcT  irill 
b«  increued  u  the  bore-hole  ia  carried  nearer  to  the  rocky  dam  at  g ;  and  the  Mma 
reaaoning  will  applf  to  the  upper  itratum  of  laad  (i*),  and  iti  bore-bole  (A) :  and  H 
may  be  obaerved  also,  that  a  bore-hole  (o*,)  which  coDid  only  find  a  temporary  apriog 
in  f,  hj  being  catried  through  the  intervening  daya,  might  obtain  a  permanent  one 
int>. 

Kg.  12. 


Thia  caae  teada  to  thoae  where  the  mta  it  reedved  and  thrown  np  entirely  bf 
atratified  depouta  arranged  in  the  form  of  bttint  or  trongha;  and  thit  may  happen 
either  where  the  baaio  ii  produced  by  an  undulation  or  deprenion  of  the  underlying 
alrata,  or  where  it  occDpio  the  valley  produced  by  the  dtarupUon  of  theae  atrata  by 
deration ;  and  aa  aome  precaution  it  necetatrj  in  reference  to  thia  dittiDCtion,  each 
caae  will  be  conaidered  aeparately. 


Ho.  13  it  the  flrat  caae,  where  the  itrata  of  aand  and  clay  have  been  depoaited  in  a 
baain  of  andulation,  and  the  water  entering  the  aand  atratum  («)  ii  prevented  from 
dcaeending  hy  the  imperrioua  atrata  below,  and  hata  aicending  by  the  clay  above^ 
ao  that  it  ia  pent  up  in  the  aand  ttralum  itself.  An  inapectiou  of  the  figure  it  luffi- 
dent  to  ahow  that  the  nearer  the  bore-hole  it  made  to  the  lower  point  of  the  valley, 
the  more  abundant  and  lecure  will  be  the  aupply,  and  the  higher  the  jet  from  the 
aperture.  If,  iaatead  of  one  layer  of  aand  or  gravel,  there  had  been  aeieral,  the 
reaaoning  woald  be  the  tame,  only  it  might  happen  that  the  upper  layen  had  been 
doaed  up  by  the  clay  paaaing  over  them,  ai  in  the  figure,  and  therefore  be  (oond 
unproductive  of  water. 

No.  14  it  a  baiin  formed  within  a  valley  of  diaruplion  or  even  of  denudation,  or 
which  differa  from  the  preceding  only  ia  thia  circumatanee,  that  the  boundary  walla, 
at  it  were,  of  the  valley  may  in  themadvea  he  partly  pcrvioua,  and  therefore  allow 
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Us- 14. 


the  water  to  eicape.  If  lucb  [>ccur,  the  water  canDot  riie  above  the  level  of  theie 
diachai^ng  itrata,  repreieoted  in  the  figure.  And  again,  aecondai?  denuditioii  ma; 
modify  the  baain  depotit,  and  affect  its  aupplf  of  water,  a»  in  No.  li,  where  it  ia 


evident  that  an;  lay  en  of  wnd  cot  throng^  h;  the  denudation  in  the  centre  of  the 
baiin,  muit  dilcharge  the  water  they  receive  at  once  into  tbe  inner  valiejr  of  denu- 
dation, and  thit  no  water  can  be  expected  until  the  lower  layer,  or  at  leait  the  fint 
lavcr  not  ■ffei;te<l  by  the  denudation,  baa  been  touclied  hy  (he  borer.  Faullg  may 
alio  materially  affect  tbe  amugcmeDt  of  apringi,  ti  in  some  cusei,  when  filled  with 
impervious  matter,  tbey  may  act  u  dami,  and  in  otbers  may  diicbarge  tbe  water, — 
to  that  in  boring  in  the  vicinitr  of  i  fault,  care  must  be  taken  to  aicertiin  ita  con- 
dition, and  if  it  be  tupposed  open,  to  place  tbe  bore-hole  in  the  atrata  dipping 
/romil. 

It  ia  conceived  that  these  examples  are  suffldent  to  guide  the  Engineer  in  the 
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firaetored  bed  or  by  some  of  the  divisional  clayey  beds  of  such  formations ;  and  when 
once  such  bed  or  stratum  has  been  discovered  in  any  district,  it  becomes  an  index  for 
the  operations  of  the  borer. 

Although  the  several  methods  of  boring  cannot  be  here  described  in  detail,  it  may 
be  well  briefly  to  notice  the  most  remarkable. — 1.  The  common  one,  in  which  an 
anger  is  used  for  soft  soils,  and  chisels  or  jumpers  for  rocks.  In  this  mode  the 
boring  tool  is  connected  with  the  surface  by  jointed  rods,  fastened  firmly  together, 
and  which  must  be  frequently  raised  to  clear  the  hole  of  the  d^ris ;  so  that  in  great 
depths  the  weight  to  be  raised  and  the  time  lost  in  separating  and  refiling  the  joints 
become  sources  of  great  expense. — 2.  The  Chinese  mode,  by  percussion  alone; 
the  borer  itself  weighing  about  ISOlbs.,  and,  being  suspended  by  a  cord,  is  alternately 
raised  and  allowed  to  fall,  the  debris  either  passing  up  through  grooves  in  the  sides 
of  the  tool  and  being  then  drawn  up  when  accumulated  on  the  head,  or  received 
into  a  separate  cylinder  with  a  valve  opening  from  below  upwards.  This  method  is 
much  more  economical  than  the  common,  and  has  been  used  very  extensively  in 
Germany,  though  it  is  subject  to  two  accidents  requiring  great  precaution, — viz.  the 
great  difi&cuUy  of  drawing  up  a  broken  borer,  and  the  danger,  from  the  flexibility  of 
the  cord,  of  the  bore-hole  taking  an  oblique  direction,  and  therefore  requiring  to  be 
abandoned. — 3.  The  system  of  Fauvelle,  in  which  a  hollow  borer,  whether  it  be  au 
auger  or  a  jumper,  is  used,  the  cutting  tool  being  of  larger  diameter  than  the  hollow 
stem,  so  that  an  annular  space  is  formed  around  the  borer;  and  water  being 
forced  down  this  space  by  a  force-pump,  ascends  by  the  tube,  bringing  with  it  all 
the  d^ris,  or,  if  forced  down  the  tube,  ascends  in  a  similar  manner  by  the  annulus. 
This  arrangement  renders  it  unnecessary  to  bring  up  to  the  surface  the  boring  tools, 
as  they  are  constantly  kept  clear,  and  a  vast  saving  of  time  and  expense  is  the  result. 
(See  Plate  VII.  for  the  tools  of  each  system.) 

Connected  closely  with  the  subject  of  boring  is  its  application  in  the  search  for 
economic  minerals,  and  enough  has  been  said  in  the  preceding  pages  to  show 
the  Engineer  that  there  is  a  great  difference  in  the  positions  of  such  substances,  some 
being  found  like  coal  and  salt  and  ironstone,  arranged  in  distinctly  stratified  beds ; 
and  others,  like  many  of  the  metals,  in  veins,  each  form  requiring  a  modification  in 
the  mining  arrangements,  for  the  general  character  of  which  see  the  figures  in 
Plates  v.,  VI.,  and  VII.  Plates  of  some  characteristic  Fossils  will  be  here  given,  so 
that  every  part  of  the  Article  may  be  available  in  practice ;  but  a  more  complete  view 
of  the  theory  of  the  distribution  of  Fossils  will  be  given  under  *  Palaeontology,'  which 
therefore  see. 

I  may  add  that  the  first  satisfactory  determination  of  a  quadrumanous  fossil  in  the 
tertiary  formation,  was  due  to  Lieutenants  Baker  and  Durand,  of  the  Bengal  Army, 
in  1836. 

In  closing,  therefore,  this  section  of  the  Article  '  Geognosy  and  Geology,'  I  trust  I 
may  be  allowed  to  append  to  it  a  few  words  in  a  personal  sense.  The  Editors  of  the 
work  having  desired  not  to  omit  the  subject,  requested  me  to  undertake  it;  and 
I  have  done  so  in  respondence  to  their  anxious  wishes  to  render  the  *  Aide-M^moire ' 
complete,  though  with  a  full  sense  of  the  difficulty  of  doing  in  so  short  a  time  full 
justice  to  it.  i*do  not  expect  that  my  brother  Officers  will  at  present  find  the  article 
perfect,  but  I  do  hope  that  they  will  be  induced  by  its  perusal  to  pursue  a  study  so 
useful  as  Geology  must  be  considered  by  all  practical  men ;  and  if  they  do  so, 
and  are  thereby  led  to  examine  the  geological  structure  of  the  country  and  collect 
specimens  at  their  various  stations,  I  shall  be  happy  to  assist  them  in  their  researches 
during  my  continuance  in  England,  by  examining  any  specimens  they  may  send 
home,  and  correcting,  if  necessary,  their  descriptions  of  them ;  and  I  would  in  this 
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respect  pBrticulirl;  direct  tfaeir  ittention  to  YoJalt  and  to  the  mtterial  of  anperilda] 
drift.  In  tocb  mittera  u  tbii  there  ought  to  be  a  feeling  of  co-opention  amongat 
01,  a  deiire  to  advaoce  the  character  of  onr  profeiiioD,  rather  than  that  of  the 
indiTidoal ;  and  I  can  conceive  no  caae  in  vhicb  it  can  be  better  diiplayed  tban 
in  geological  mearch.  When,  indeed,  I  reflect  on  the  manifeit  practical  value  of 
the  tcience,  1  tin  earpnaed  that  iti  cultivation  baa  not  been  more  encouiaged 
amongit  oi,  and  equall;  >o  that  only  a  very  imall  number  have,  notwithatanding 
this  primarj  difficult;,  atudied  it.  1  hope,  bowever,  thi*  partial  neglect  of  our 
■cience  will  paai  ana;,  and  that  ere  long,  at  all  our  station!,  there  vrill  be  fonnd 
observers  amongit  ounelves  ready  to  elucidate  the  natural  hiitory  and  diieorcr 
the  economic  value,  aa  viell  aa  to  describe  the  military  capabilities,  of  the  eonntrie* 
in  which  they  aetre.  J.  E.  P. 


GRENADE,  FRENCH,*— ii  only  now  cast  for  the  hand;  and  12-pounder, 
21.pouiider,  and  32-pounder  Shells  lenc  for  the  defence  of  ramparls. 

The  large  interior  tpice  is  Z  poaert,  6  linnet,  6  ponUt,  in  diameter ;  and  the  small 
one,  3  pmieti,  5  ligna,  6  poinli,  French  measure. 

Wemuat  bear  in  mind  that  this  grenade,  whose  dimeniiona  are  given  in  the  Tablei, 
is  of  rather  a  heavy  calibre  to  be  thrown  with  the  hand,  and  that  for  thii  object  it 
would  be  better  to  bave  them  of  only  3  incbei,  of  the  calibre  of  4,  weighing  2  lbs. 

Grenades  for  ramparta  weigh  from  IG  to  IBlba.,  and  their  calibre  is  very  varied. 


Tattt  ijfDim, 


M  qf  Orenadei, 


...AT..T. 

»..r. 

Eilerior  diameter 

Thickness,  at  the  airici 

Thickneii,  at  the  bottom 

Diameter  at  the  top  of  the  fuzEhole     . 
Diameter  at  tbe  bottom  of  do.    .     .     . 
Height  from  tlie  bottom  lo  the  fniehole 
Weight 

pouM.hgnoi.  poinli, 
3           C          6 
0           4           3 
a         i         3 
0          8          9 
0           8           3 
3           1           6 
31bi.   4  01. 

0         3         9 
0         4         9 

0         7         9 
3         0         6 
3lbg.  2  01. 

^H 

>m  a  height :  the  soldier 

a  those  cues  lo  roll  it, 

A  mu  can  throw  tbii 


The  ■ocompujiag  diignm  representi  the  gre- 
nade now  in  uK  in  Spain,  with  the  eiception   Section  nf«  Gbm  Hmtd-OrauttU, 
of  the  fine,  which  is  here  shown  ai  Bickford's  hadid  rtc^fir  tit*. 

llow-burning  fuie,  instead  of  the  common  tube* 
nsed  in  Spain,  which  are  apt  to  go  out  in  the 
neck  of  the  grenade,  and  not  explode. 

The  projecting  neck  of  this  grenade  may,  1 
tMnk,  be  sboitened  with  advantage,  as  shown 
by  the  dotted  line,  u  it  is  the  part  moit  liable 
to  be  broken,  if  it  come  In  contact  with  a  rock 
or  wall  when  thrown  fri 
ihoold  be  initructed  ii 
whenercr  he  can  do  so.    Am 
grensde  &om  30  to  40  yards. 

The  weight  of  a  glass  hand-grenade  it  1 0}  oz., 
or  one-tbird  that  of  an  iron  one,  when  loaded 
with  one  ounce  of  powder,  or  a  common  musket 
cartridge,  and  about  2  inches  in  length  of  the 
slow-boming  Bickford's  fuxe  fitted  into  the  neck, 
M  shown  in  the  diagram  ;  a  little  tow  being 
wrapped  round  it  if  necessary,  to  make  it  tight. 

I  have  no  doubt,  on  further  trial,  both  with  powder  and  gnu-eotton,  a  much  smaller 
space  will  be  found  sufficient  for  the  charge,  and  that  the  glasi  may  be  proportion- 
ately increaied  in  thickneai,  thereby  giving  larger  splinten,  and  doing  more  damage. 

In  the  manufacture  of  glaia  hand-grenades,  the  grtatat  ponitle  effmlion  mutt 
be  paid  lo  the  amM^tn^^roceM,  as  aalesa  this  is  lAonm^A^  done,  they  will,  on 
bortiing,  fly  into  thooatnd)  of  minute  partide*,  and  become  harmleM. 


METHOD  OP  ] 


UNO  AND  OF  THROWING  ORBNADEB.* 


The  instruction  ia  commenced  by  burning  some  fuzes  between  the  finger  and 
thumb,  lo  show  the  party  how  long  (hey  bum,  and  that  in  the  fuze  itself  there  is  no 
eiplosion,  or  danger. 

The  grenade  is  held  aa  in  the  subjoined  , 

tkeicb. 

When  it  is  lighted,  the  necessity  mnst  be 
explained  of  keeping  the  fuze  turned  to- 
wards the  front,  add  a  little  downwards, 
until  after  the  small  explosion  of  the  priming 
of  the  fuze,  which  is  liable  to  bum  and  an- 
noy the  menwho  may  be  next  the  grenadier. 

The  manner  in  ivhich  the  grenade  is  held 
until  after  that  small  explosion,  will  be  ai 
represented  in  the  woodcut  on  the  next 
page;  the  port-fire  burning  imlrtediately 
below  it  on  Ihe  banquette. 

After  this  has  been  fully  explained  to 
Ibe  party,  they  should  be  practised  in 
throwing  empty  grenades,  both  from  b  worl 
through  the  motions  of  lighting  the  fuze  eac 


\o  one,  standing  fast,  and  going 
grenade  it  thrown.     It  is  to  be 
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dune  with  a  pilchin  j  or  awin  jing  throw.  After  practising  thai  with  empty  grenwio, 
>  few  should  b«  thrown  with  fuzes  ;  and  after  lighting  them,  the;  ihauld  be  made  to 
pause  ■  little  before  (hej'  throw  them,  in  order  to  teach  tbetn  coolness.  The  partjr 
return  agiin  to  practice  with  empty  onea,  continuing  Ibui  to  throw  empty  greaidei 
>nd  grenades  with  lighted  Fuzes  by  turns,  until  they  become  expert  in  Uirowing 


The  lollowing  i«  the  weight  of  loaded  grenades  and  small  shells ; — 
lh(. in. 
The  Land  Service  hand-grenade*  weigh        I   13 

The  Sea  Service  grenade 4     2 

The4|.inch  shell 10     0 

The  5|-inch  shell 16    0 

Tlie  firat  is  Che  best  for  the  attack  of  works ;  but  the  4}-iiich  shell  i)  the  most 
coDTenient  for  the  defence. 

The  &t  and  4§-tncb  shells  are  thrown  over  hand,  in  the  manner  called  '  potting.' 
Sheila  heBTier  than  51-inch  cannot  be  thrown  by  the  hand,  and  therefore  they  require 
■  smooth  surface,  for  the  purjiosc  of  rolling  Ihem  over  the  parapet 

tud  connect  ibem  together  hy  a  couple  of  smaller 
pieces  of  wood,  in  the  tame  ninnncr  as  is  usual  in 
making  wooden  guLtera  or  apauts.  The  ahell  being 
placed  in  the  trough,  as  in  the  annexed  Rgure  mat 
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1  chiea^  eitrkctad  &om  (b«  'Podiet 
Table  fir  Drivmg  Fmtt. 


pi»iti«i. 

Inch. 

OL  dr. 

«    dr 

HOIW 

■WDlMr 

•CCD.1. 

2    8 

21 

4 

9 

35  10  3B 

10 

1     8 

1     0 

18 

IotS 

33      3S 

8 

1     0 

0    8 

IS 

3 

12 

29      31 

5i 

0    6 

0    6 

13 

2 

16 

18      21 

0    6 

0    4 

It 

2 

Iliad- 1 

0    3 

10 

28 

Ta&b,,fu«ehig 

lite  DimmtUmi  <!f  Puif. 

l».mcUr<>Fa>cFu<. 

DitattatttbtCom 

P«iti«i. 

Bdow 

AltlH 

Tim. 

. 

botlom. 

llbBTM. 

incfat. 

■ochai 

inAm 

iDChu 

iuhH 

ineiiH 

K»Bd>. 

13 

21 

249 

10 

1-8 

I-3S 

2-13 

■438 

7^2 

S3 

1-3 

12S 

1'78 

■375 

6-37 

29 

5* 

■825 

1-3 

■276 

4-4 

IB 

10 

■7S 

1-18 

■25 

3-5 

15 

GrniBdei 

0-8 

■6 

■9 

■2 

2-25 

Diameter  inside  the  cup  is  3  diimeten  of  the  bon. 

Depth  of  Che  cup,  H  diameter. 

ThickDCaB  of  wood  »t  battoni  of  the  bore,  2  diameten. 

Ttaeartielet  necestaiyfor  driving  fuzei  are,  large  block!  of  wood  with  hotel  at  top, 
in  wbich  the  fuzes  are  to  be  fixed,  proper  mallet,  iron  drifti  tipped  vith  brasg,  cop- 
per ladlea  of  each  nature,  square  boxes  for  holding  the  composition ;  in  addition  to 
which  must  be  prorided  quick  match  and  mealed  powder. 

In  driving  fuzet,  tbe  principal  pointi  to  be  attended  t«  are, — to  put  in  equal 
quantities  of  com  position  each  time,  which  is  effected  b;  paidng  a  round  stick  over 
the  edges  of  the  ladle, — to  take  off  the  composition  along  tbe  edges,  and  to  keep 
the  strokes  u  steady  and  regular  as  possible,  giving  alwayi  the  same  number  to  eadi 
ladleFol. 

The  drift  is  held  in  one  hand,  taming  it  round  it 
each  stroke,  the  fuze  being  kept  stead;  in  the  holes 
by  smidl  wedges  if  necessary,  u  in  the  aiitiexed 
figure,  which  represents  the  process  of  driving. 

The  fuzes  must  always  be  driven  nearly  to  the 
height  of  the  cnp.  They  an  afterwards  primed 
with  quick-match,  and  a  ladleful  of  mealed  powder 
pot  over  it,  which  must  be  driven  down  with  fifteen 
strokes  of  the  mallet,  and  the  cup  filled  up  with 
mealed  powder,  moistened  with  spirits  of  wine,  well  ^ 
pressed  in  with  the  finger. 
voi,.  II. 
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The  fuM  i(  driven  into  the  grenide  bj  ■  few  aharp  blow*  of  the  mallet 

la  fixing  the  faze  to  the  gTenade,  it  ii  fint  pntbed  in  by  the  hand;  after- 
ward* a  round  piece  of  wood  having  a  conical  hole  at  bottom  ii  placed  up 
the  top  of  the  fuze,  to  preient  the  priming  from  being  injored ;  and  then  the 
fuu  it  driien  firmly  into  tbe  ihell-hole,  bjr  a  few  imart 
blows  of  the  mallet  upon  tbe  head  of  the  driver,  which 
ii  repreKnted  in  section  in  the  annexed  figure.* 

In  two  or  three  dayi,  when  the  mealed  powder  ii 
dry,  fuzes  intended  to  be  kept  in  Itore  for  any  length  of 
time  muBt  have  a  circle  of  paper  fitted  to  the  top  of  the 
eup,  and  a  cap  of  bronn  paper,  or  painted  canvu,  tied  over 
•11. 

The  following  expedienta  may  be  uaed  for  defending  ramparta  in  place  of  hand- 
grenade*,  viz.  aonnd  atone  bottles,  soldiers'  wooden  canteens,  leather  biga,  eaniaa 
baga  pitched  over  to  prevent  acddents,  tmaQ  tin  caaea,  etc.  By  attaching  a  fuze  to 
each  of  them,  they  may  be  thrown  in  the  same  manner  aa  grenades. 


GUARD-HOUSE,  DEFENSIBLE.— Uaually  constructed  of  muoarj.  for 
the  defence  of  l^iew,  Srdouili,  and  advanctd  toorii,  m  likewiae  for  tbe  tecnrity  of 
Coail  Batttria  and  Iiolaled  Pott; 

Dffentiblt  Guard-Houtei  are  not  generally  placed  where  a  reaistance  ia  expected 
beyond  a  few  houn,  support  being  usually  within  a  moderate  distance ;  except  in 
very  peculiar  tites,  snch  as  tbe  gorge  of  a  mountain  iDaccesiibie  for  artillery,  or  at 
tbe  end  of  a  caoaeway  or  moraai,  out  of  cannon-afaot. 

When  conitnicted  a*  an  inner  defence,  defensible  guard-bouses  should  be  well 
covered  by  the  work :  the  boilding  is  intended  to  serve  aa  a  keep,  and  it  abould  be 
incombustible,  loopholed,  and  the  entiance  well  lecured. 
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Kg.  2. 


Kgv  1  (nd  2  ire  eiamplei  adapted  to  redoubta,  flechei,  and  advanced  deld-worka 
of  a  permanent  nature ;  and  if  there  i*  luffideat  time,  the  eatiance  ahould  be  M«nred 
with  a  draw.bridge,  well  flanked  by  muiketi?  fire. 


Fig.  b.   (Scale,  20  feet  to  an  inch.) 
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Pigi.  3  and  4  irc  inited  to  coait  butcriei,  talceo  from  the  French  u  a  normal 
canstrnctHia,  for  the  protection  of  aea  defence! :  for  further  detail  see  third  lolume 
of '  Profewionil  Papers.' 

tip.  5  ind  6  giie  the  deiigna  for  a  CaTiilrj  Picket  Gnard-Honie  in  the  maua- 
taini,  where  arUller;  cannot  be  brooght  agaioit  it ;  a,  fig.  5,  lerring  as  the  kitchen ; 
i,  men's  room ;  e,  lobhj  and  gnard-room  ;  d,  stables ;  OTei  the  kitchen  is  an  officer's 
room,  and  orer  the  lobb;  a  store,  u  shown  in  tig.  6. 
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Fig.  9.     (Scale,  20  feet  to  w 
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The  princJpU  tdraiitagM  of  thii  metbod  «re, — 

t.  Tbit  theontieaUji  the  cfiimlerpoiK  balinMi  tbe  plitfonc  in  in;  poiitioa. 

3.  Wb«D  (be  bridge  u  nuied,  (he  counterpoiie  acts  bb  ■  gate.  When  the  bridge 
li  lowered,  tbe  coonterpoite  ahDutd  be  supported  by  ■  bolt;  and  when  ruied,  the 
connterpoUe  ahoald  be  aecured  in  its  TCrtical  pDaition. 

The  connlerpoiM  i>  generally  made  rather  lighter  than  tbe  bridge;  the  aiii  of  tbe 
latter  a  lometimei  pUeed  a  little  forward,  that  wheo  the  bridge  ii  ruied,  it  may 
mt  agairut  the  eicarp,  nithoat  danger  of  falling  down,  if  the  cbaini  ahould  break ; 
in  which  case,  to  lower  the  bridge,  two  men  (or  if  a  heavy  one,  four  men)  paaa 
through  tbe  wicket  in  tbe  coonterpoiae,  and  push  down  the  platfona  of  the  bii^e. 

The  plBtform  ii  prolonged  beyond  tbe  biIs,  to  do  away  with  the  neceuity  of  a 
movable  board. 

By  nting  two  rollen  for  the  chain  to  pais  over,  the  friction  (vu  inertiK  at  Brat 
tlirring)  is  much  diminithed. 


GUERITE,*  (called  alio  Echadouktte.) — This  term  waa  o^nally  applied  to 
tbe  projecting  ttone  or  brick  Kntry-boiei  or  turrela,  aometimei  built  at  the  top  of 
tbe  revetments  of  the  salient  angles  of  works  in  fortreuea,  tbe  object  of  which  it  to 
enable  sentinels  placed  in  tbero  to  command  thoroughly  the  ditches  in  front  through 
loopholes,  without  being  exposed  to  the  enemy's  musketry  fire:  they  are,  however, 
considered  objectionable,  from  their  marlung  the  position  of  the  salients,  and  &ciH- 
tating  the  taking  up  the  prolongations  of  the  works  by  an  assailant,  for  the  purpose 
of  enfilading  thdr  terrepleins. 

In  placing  ordinary  encloBures  in  a  state  of  defence,  similar  buildings  may  often 
be  constructed  with  advantage,  to  give  a  flank  defence  to  lines  of  wall  forming  the 
boandaiy  of  a  road  or  river  where  projecting  works  could  not  be  built  on  tbe  level 
of  the  ground  for  that  purpose,  or  where,  as  in  a  dead  re-entering  angle,  or  over  an 
entrance,  a  perpendicular  or  machicoulis  fire  is  required. — (Ste  Machicoulib.) 

Kga.  1  and  2,  of  Plate  '  Guerite,'  show  the  mode  of  construciion  of  a  brick  guerite 
boilt  at  an  angle  of  the  barrack  enclosure  st  Dn^heda,  for  the  purpose  of  flanking  the 
wall  where  it  forms  the  houndar;  of  a  public  road:  having  a  roof,  it  affords  good 
cover  for  a  tentry,  and  enables  him  to  watch  through  tiie  loopholes  the  exterior  of 
two  lines  of  wall,  without  being  seen  by  an  enemy,  and  loopholes  (t,  (]  in  the  floor 
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his  newly  described  substtnce  oxwm  in  larger  qnintities,  and  as  he  had  described  it 
as  most  explosive,  many  chemists  imagined  that  his  fulminating  cotton  was  impreg- 
nated with  ozofiff.    This,  however,  proved  to  be  an  erroneous  conjecture. 

Soon  after  the  meeting  at  Southampton,  Dr.  Otto,  Professor  of  Chemistry  in 
Brunswick,  published  an  account  of  an  explosive  cotton,  discovered  by  himself, 
detailing  at  the  same  time  his  method  of  preparing  it ;  and  although  it  was  found 
by  those  chemists  who  attempted  to  follow  his  directioDS,  that  his  plan  was  neither 
very  practicable  nor  very  successful,  yet,  by  modifying  his  process,  they  were  enabled 
eventually  to  prepare  a  cotton  equal  to  Schdnbein's,  and  thus  to  anticipate  the  speci- 
fication of  that  philosopher's  patent.  Soon  after  Professor  Otto's  announcement, 
many  other  claimants  started  forward  as  the  inventors  of  gun  cotton :  among  these 
we  may  mention  M.  Morel,  of  Paris,  and  M.  Bottger,  of  Frankfort.  M.  Morel 
obtained  a  patent  in  France  for  his  invention,  an  account  of  which  was  laid  before 
the  Academy  of  Sciences  by  the  celebrated  Arago.  It  is  only  fair  to  state,  however, 
that  the  general  impression  of  the  scientific  world  at  the  time  was,  that  most  of  these 
persons  were  rather  the  successful  discovererfof  SchQyibnn*9  9eeret  than  theinventoa 
of  the  substance  they  described. 

The  patent  for  preparing  Schdnbein's  gun  cotton  was  taken  out  in  the  name  of 
John  Taylor,  of  the  Adelphi,  Gentleman,  under  the  title  of  a  **  Patent  for  Improve- 
ments in  the  Manufacture  of  Explosive  Compounds."  It  is  dated  October  8th,  1846, 
and  was  enrolled  April  8th,  1847.  In  the  specification  enrolled  by  Mr.  Taylor,  we 
have  the  following  directions  : — 

"  In  preparing  the  cotton,  the  patentee  makes  use  of  nitric  acid  of  sp.  gr.  from 
r45  to  1*50,  and  sulphuric  acid  of  sp.  gr.  1*85.  These  adds  are  to  be  mixed  in 
the  proportion  of  three  parts  of  sulphuric  add  and  one  part  of  nitric  acid :  the 
mixture  is  allowed  to  cool  down  to  between  50°  and  60**  Fahr.,  and  then  rough 
cotton,  previously  freed  from  all  extraneous  matter,  is  immersed  in  the  liquid,  in  as 
open  a  state  as  possible,  in  some  suitable  vessel  of  glazed  earthenware.  When 
thoroughly  soaked,  which  process  is  facilitated  by  stirring  with  a  glass  rod,  the 
excess  of  acid  is  to  be  drawn  or  poured  off,  and  the  cotton  pressed  lightly  with  an 
earthen  presser,  so  as  to  separate  the  principal  part  of  the  acid.  The  cotton  is  after- 
wards covered  over,  and  allowed  to  remain  for  one  hour :  it  is  then  pressed,  and 
thoroughly  washed  in  running  water,  to  divest  it  of  all  free  acid,  until  it  does  not  in 
the  least  degree  affect  litmus  paper:  it  is  then  to  be  partially  dried,  by  pressure; 
and  to  ensure  its  freedom  from  acid,  it  is  to  be  washed  in  a  dilute  solution  of  car- 
bonate of  potash,  made  by  dissolving  one  ounce  of  carbonate  of  potash  in  a  gallon 
of  water :  it  is  then  put  under  a  press,  and  the  excess  of  the  alkaline  solution  pressed 
out,  while  at  the  same  time  the  cotton  is  rendered  nearly  dry.  In  the  next  place,  the 
substance  is  washed  in  a  solution  consisting  of  one  ounce  of  pure  nitrate  of  potash  in 
one  gallon  of  water ;  and  when  again  pressed,  is  dried  in  a  stove,  or  room,  heated  by 
steam,  or  hot  water,  to  the  temperature  of  from  150^  to  170°  Fahr.  The  nitrate  of 
potash  seems  to  increase  the  explosive  force  of  the  cotton ;  but  it  is  not  absolutely 
necessary.  In  using  the  cotton  prepared  as  above,  it  must  be  borne  in  mind,  that  to 
produce  the  same  effects  much  less  must  be  used  than  of  gunpowder ;  that  is,  ifi 
about  the  proportion  of  three  parts  of  the  prepared  cotton  *  to  eight  parts  of  Tower- 
proof  gunpowder. 


*  Gun  cotton  can  be  exploded  by  galvanic  electricity,  under  precisely  the  tame  circumttances  M 
gunpowder.  The  common  electric  spark  will  also  ignite  it,  under  the  following  arrangements.  If 
an  electric  spark  from  a  battery  be  allowed  to  fall  upon  a  mass  of  gun  cotton,  it  will  produce  no  effect f 
but  if  the  fluid  be  retarded  in  its  progress,  by  being  conducted  over  the  surface  of  a  piece  of  string, 
moistened  with  common  water,  and  placed  in  contact  with  the  cotton,  an  explosloa  takes  plaof* 
— J.R. 


"  ExpliMiTa  cotton  tDtj  be  prepared  by  oiing  nitric  acid  onlj ;  but  the  patentee 
pgrefen  uung  the  abore  mixtote  of  nitric  and  tulphoric  actdi. 

"  la  uung  cotton  prepared  aa  abore  for  the  purpoaea  of  proputaion,  aa  it  it  of  • 
flbroni  natnre,  it  may  be  rammed  at  once  into  tbe  gun;  or,  if  made  iligfatly  nuHlt, 
and  then  pressed  into  ■  mould,  it  will,  vhen  dty,  retain  ita  form,  and  thua  may  be 
made  into  cartridge!. 

"  The  patentee  doea.not  conSne  himielf  to  tbe  ipedflc  gtaritif  of  the  aclda  above 
mentioned,  nor  to  the  exact  process  herein  described ;  but  what  he  claims  ii  the  con- 
Tcrting  (egetable  matters  into  eiploaiTe  aubstances,  by  means  of  nitric  add."— (Avr 
tht  Paltnl  Joitmai  of  April  Vlh,  1S47.) 

Upon  the  publication  of  the  ipetdfication,  of  nhich  tbe  foregoing  it  tbe  rabstance,- 
It  waa  found  thst  the  chemitti  whose  attention  had  been  directed  to  the  manufactare 
of  gun  cotton  during  the  prerions  six  months,  had  not  only  been  able  to  make  an 
trtiele  rtiemiling  Sehonbeio's,  bat  in  many  inltancet  bad  (alien  upon  bit  ymite 
method.  It  it  true  that  Profetior  Otto  proposed  the  employment  of  nilrie  acid 
alone ;  hut  aa  we  stated  before,  bis  method  laid  tbe  foundation  of  the  ineceat  of 
future  manipulators.  His  directioni  were :  "  In  tbe  preparation  of  the  exploding 
ootton,  common  well-cleaned  cotton  it  dipped,  for  shoot  half  •  minate,  in  highly 
Mncentrated  nitric  acid  (the  acid  which  I  use  being  made  by  the  distillation  of  ten 
pert*  of  dried  saltpetre  and  six  of  oil  of  vitriol ;)  and  then  instantly  placed  in  water, 
which  most  often  be  renewed,  in  order  to  free  the  cattan  Avm  the  add  with  which 
it  is  impregnated.  Care  must  be  taken  that  all  the  knotty  parliclea  of  the  cotton  are 
properly  disentangled,  and  that  it  is  thoroughly  dried.  After  this,  the  exploBtve  pre- 
paration it  ready  for  ate-" 

This  plan  of  Professor  Otto  did  not  produce  a  very  good  cotton ;  besides,  the 
difficulties  and  expense  attendant  upon  tbe  preparation  of  the  acid  were  too  great. 

In  tbe  -  Times '  newtpaper  of  tbe  17tb  snd  26th  of  October,  1846,  appeared  two 
letters  from  Mr.  Thomas  Taylor,  of  New  Bridge  Street,  Blackfriars,  in  which  he  de- 
tailed  a  lueceasful  method  of  preparing  the  cotton,  by  tbe  action  of  mixed  nitric  and 
sDlphoric  acids  i  acknowledging,  at  the  sune  time,  that  his  plan  was  merely  s  modi- 
fication of  Dr.  Otto's.  As  the  mode  adopted  by  Mr.  Taylor  wat  a  very  simple  one, 
and  was  very  similar  in  its  character  to  that  employed  by  the  Author  of  this  Paper, 
as  well  u  by  other  sdentitic  men,  we  shall  give  it  here  as  briefly  aa  possible.  "  Mix 
ia  any  convenient  glata  vessel,  one  oonce  and  »  half,  by  measure,  of  nitric  add, 
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Dr.  Ryan  noticed,  at  an  early  period,  that  aome  apeeiaietta  ot  cotton  gave  oOt 
during  ezploflion,  considerable  quantities  of  nitrous  acid  Tapours.  Am  this  did  not 
uniformly  occur,  he  imagined  that  it  might  arise  from  the  presence  of  small  quan« 
tities  of  nitric  acid,  owing  to  impetfect  washing;  he  therefore  proposed,  that  before 
drying,  the  cotton  should  be  rinsed  in  water  containing  a  small  proportion  of  am- 
monia. This  was  found  to  be  a  great  improTcment :  Professor  SdiOnhein,  to  the 
same  end,  employs  a  solution  of  carbonate  of  potash. 

To  increase  the  explosive  character  of  the  cotton,  Dr.  Ryan  also  was  in  the  habit 
of  employing  a  weak  solution  of  chlorate  of  potash,  but  he  found  that  cotton  thna 
prepared  was  extremely  dangerouSf  from  the  facility  with  which  it  exploded  by 
friction  or  percussion ;  he  also  noticed  that  it  soiled  and  oxidated  the  gun-barrel 
yery  rapidly.  Professor  Schdnbein  employs  nitrate  of  potash  for  the  same  pwpose, 
and  more  successfully,  as  it  does  not  soil  or  oxidate  so  readily  the  metal  of  the  gun. 
Generally  speaking  however  it  is  objectionable  to  employ  any  of  the  salts  of  potash, 
as  they  are  liable  to  cause  the  production  of  smoke,  or  vapour,  during  explosion. 

In  the  specification  of  SchOnbein's  patent,  we  are  told  that  *'  the  cotton  in  a  damp 
state  may  be  pressed  into  a  mould,  and  afterwards  made  into  cartridges."  This 
however  would  never  answer ;  for  when  the  cotton  is  compressed,  its  explosion  is 
often  partial  and  uncertain.  Thus,  if  a  piece  of  cotton,  four  or  five  inches  long,  and 
half  the  thickness  of  the  little  finger,  be  laid  on  the  table,  and  compressed  in  the 
centre  by  the  edge  of  a  card,  or  piece  of  sheet  glass,  one  end  may  be  ignited,  and  yet 
the  explosion  will  not  go  beyond  the  compressed  part.  So,  also,  under  the  influence 
of  percussion,  or  sudden  compression,  we  have  often  merely  a  partial  explosion,  a 
great  portion  of  the  cotton  remaining  untouched.  In  fact,  we  never  have  the  Jkil 
force  of  the  cotton  exerted,  except  the  mass  be  light,  and  uncompressed.  Thus,  in 
charging  a  pistol,  for  instance,  a  painted  ramrod  is  the  best  instrument  to  use. 

Cotton,  during  its  conversion  into  an  explosive  substance,  increases  very  consider- 
ably in  weight.  Mr.  Cram,  F.R.S.,  in  a  Paper  read  before  the  Philosophical  Society 
of  Glasgow,  on  the  4th  of  November,  1846,  gave  an  account  of  a  number  of  care- 
fully performed  experiments,  for  the  purpose  of  ascertaining  the  increase  of  weight. 
He  says,  that  in  order  to  guard  against  error,  from  different  states  of  dryness,  before 
and  after  the  experiments,  as  well  as  frt>m  loss  of  weight  in  washing,  it  was  accom- 
panied through  all  the  operations  by  another  equal  portion  immersed  in  the  same 
quantity  of  acid,  to  which  had  been  added  just  as  much  water  as  would  prevent  the 
cotton  from  becoming  explosive.  The  difference  in  weight  between  the  two  portions 
was  assumed  as  the  real  increase. 

Four  different  mixtures  were  used. — 

I.  Nitric  acid  of  sp.  gr.  1*5,  with  four-fifths  of  sulphuric  add,  at  1*83. 

II.  Nitric  acid  of  1*48,  with  an  equal  volume  of  Nordhausen  sulphuric  add  of  1*86. 

III.  Nitric  acid  of  1*52,  with  an  equal  volume  of  Nordhausen  sulphuric  acid, 
iv.  Nitric  add  of  1*43,  with  four-fifths  of  sulphuric  acid  of  1*83. 

The  increase  upon  100  of  cotton-wool  was  in  each  of  them  as  follows : — 

I.  II.  III.  IV. 

70*0.  67*2.  66*2.  64*7. 

The  increase  in  wdght,  during  the  preparation,  is  owing  to  the  conversion  of  a 
great  portion  of  the  cotton  into  a  new  and  distinct  chemical  compound. 

Cotton,  in  its  unprepared  state,  is  nothing  but  %iime,  a  compound  of  the  three 
elements,  earbofif  oxygen^  and  hydrogen  ;  but  after  the  action  of  nitric  add,  we  find 
another  element  present,  namely,  nitrogen — a  substance  entering  into  tjbe  composi- 
tion of  nearly  all  our  explosive  bodies. 

The  influence  of  nitric  acid  upon  vegetable  matter  has  long  been  known  to  prac- 
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tical  chemitti.  The  Aathor  bu  himielf  lecn  in  old  minuicript  r«c[pe  boob,  vbere, 
unong  olber  thiagi,  it  wM  remirked,  that  "  tow  or  cotton  ahould  never  be  em- 
plojed  to  >top  bottlet  coatuning  oiiteiuU  giiing  otT  nitroui  acid  fume),  H  lome- 
tlmM  an  eiplotion  vu  tbe  retolt,"  Thia  recipe  book  wu  neiirl;  a  century  old. 
Bat  ilthongh  thcK  things  were  In  iome  meuure  funiliar  to  the  cbemiat,  it  vru  not 
until  the  year  1B33  that  any  philosophieal  iDieitigation  of  the  cause  or  nature  of 
the  aetion  took  place.  In  that  year  however,  Bracannoc,  in  a  Paper  publiihed  in  the 
fifly-KCODd  Tolame  of  the  '  Annilei  de  Chimie  et  de  Phviique,'  pp.  290-294,  gave 
•»  accoanl  of  a  new  inhitance,  which  he  bad  obtained  by  the  action  of  concentrated 
nitric  add  on  t/arcA,  law-diul,  linen,  and  colloa  wool.  To  tbi>  new  body,  which  he 
deicrihet  ■■  being  white,  pulvenitent,  neutral,  and  very  inflammable,  he  gave  the 
name  of 'Xyloldine'  (trom  ii\iir.  wood).  Tbi>  compound  is  easily  formed  by  boiling 
■tareh,  for  ■  few  moments,  in  concentrated  nitric  acid,  until  solution  lakei  place. 
On  pouring  tbe  (olation  into  cold  water,  the  lylo'idine  ia  precipitated,  and  may  be 
collected  and  dried. 

Five  yean  afterwards,  Pelonie,  in  the  'Comptea  Rendua'  for  1S38,  again  drew  the 
atlentioB  of  chemists  to  tbis  remarkable  lubatance  \  and  after  describing  xylo'idinc, 
be  lefere  to  eiperimenta  of  his  own,  which  anticipate,  in  a  great  measure,  SchOnbein'l 
discovery.  "  Xyloidine,"  observes  M,  Felouze,  "  is  very  combustible,  taking  fire  at 
180°  Cent.  (  —  356°  Fahr.),  and  hnming  with  great  rapidity,  and  almost  withont  red- 
due. — This  property  hu  led  me  to  an  experiment  which  I  think  auiceptibie  of  some 
applications,  especially  in  Artillery.  By  plunging  paper  in  nitric  acid  of  sp.  gr.  l-!i, 
leaviDg  it  Ibere  the  requisite  time  for  Ibe  acid  to  permeate  tbe  paper,  which  ia 
naually  accomplished  in  two  or  three  mlnntei,  then,  withdrawing  it,  and,  lastly, 
waahing  it  in  water,  we  obtain  a  kind  of  parchmeat,  impermeable  to  moisture,  and 
extremely  combustible." 

Tbis  tubatance  was  investigated  by  several  eminent  chemiata,  and  among  other*  by 
Dumat,  who  notices  it  in  the  sixth  volume  of  his  '  Traits  de  Chimie  appliquee  ani 
Arts,'  p.  90,  published  in  1B13.  Dumas  proposed  to  call  tbe  compound  '  Nilra- 
nidine,'  •  He  also  mentions  the  application  of  paper  and  pasteboard,  prepared  by 
nitric  a«id,  for  fireworks  (^piicti  iTarlifiee). 

We  bate  already  stated,  that  by  boiling  atareh  in  nitric  acid,  solution  occurs,  from 
which  solution  xyloidine  is  precipitated  by  water;  so  also,  if  instead  of  starch  we 
employ  rof /an,  we  hare  a  similar  result;  for  if  we  pour  tbe  aolution  o(  col  Ionia 
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I^bee,  by  its  kar»kMt$t  tnd  by  the  etnfUmiiM§  $mmi  prodneed  friian  pmied  by  tht 
hand.  When  well  prepared,  there  ia  loaroely  any  pereep^le  change  in  ookor  or 
general  appearance :  some  specimens  are  yellow,  but  that  is  the  reralt  of  impioper 
manipulation. 

It  may  be  distingoisbed  from  common  cotton,  also,  in  a  moment,  by  its  tledrie 
emUUtum,  This  is  a  ^ery  important  and  satis&etory  test.  If  a  portion  of  the  gna 
cotton  be  pulled  briskly  between  the  finger  and  thnmb,  taking  care  the  hand  is  dry« 
the  fibres  of  the  cotton  will  adhere  to  the  hand  with  great  tenacity ;  and  if  a  strip  of 
prepared  paper  be  thus  treated,  it  will,  if  one  end  be  presented  to  the  knudde,  strike 
it  many  times  in  succession,  giving  off  its  electricity. 

Gun  cotton  may  be  distinguished  also  from  common  cotton  by  its  perfect  solubility 
-In  sulphuric  ether.  If  the  ethereal  solution  be  poured  on  the  sur£ue  of  cold  water, 
the  xyloldlne  forms  on  the  top  of  the  water  as  an  cpaqueJUm,  resembling  in  teztiue 
and  appearance  the  walls  of  a  wasp's  nest.  This,  when  coUected  and  dried,  forma  a 
Tery  remarkable  and  explosive  paper. 

The  fulminating  cotton  explodes  with  very  great  rapidity,  and  at  a  much  lower 
temperature  than  gunpowder, — the  point  of  ignition  being  .about  350^  Fahr.,  or, 
according  to  some,  at  400°  Fahr.  If  a  small  heap  of  gunpowder  be  placed  on  a 
sheet  of  vrriting-paper,  and  a  little  gun  cotton  be  laid  lightly  upon  it,  and  the  whole 
held  about  a  foot  above  the  flame  of  a  lamp,  or  candle,  the  heat  will  in  a  short  time 
be  sufficient  to  ignite  the  cotton,  while  the  powder  will  remain  unkindled ;  and 
although  the  cotton  explodes  while  in  contact  with  the  powder,  yet  its  action  is  so 
rapid  that  it  exerts  no  influence  upon  that  substance.  This  great  rapidity  of  action 
is  opposed  to  its  utility  for  propulsive  purposes.  It  is  well  known  to  practical  men, 
that  a  slowly  exploding  material  is  the  best  for  Artillery*  practice.  Thus,  when  a 
sbw  powder  is  used,  the  ball  acquires  a  slight  degree  of  motion,  and  pots  the  air  in 
front  of  it  in  motion  also,  before  the  full  power  of  the  explosion  is  exerted ;  and  that 
motion  is  gradually  increased  during  the  remainder  of  the  explosion.  But  if  the 
action  takes  place  too  guicilgf  the  full  force  of  the  propelling  power  comes  into  play 
before  the  ball  is  in  motion,  and  the  bursting  of  the  gun  is  the  probable  consequence. 
This  is  the  reason  why  the  fulminates  of  mercury  and  of  silver  have  not  been  more 
extensively  tried  in  warfare. 

When  gun  cotton  has  been  carefully  prepared,  the  products  of  its  combustion  are 
carbonic  acidt  carbonic  ojnde,  watery  w^pour  or  steam,  vadjree  nt/roym,  with  traces 
of  nitric  add  and  of  cyanogen.  In  some  cases,  as  we  before  stated,  nitrous  add  is 
produced,  owing  to  defective  washing ;  and  when  nitrate  of  potash  has  been  em- 
ployed, or,  in  fact,  a  solution  of  any  solid  salts,  a  dense  white  vapour  accompanies  the 
explosion.  The  quantity  of  water  produced  during  the  decompodtion  of  the  cotton, 
by  heat,  is  so  great  as  to  constitute  an  objection  to  its  use  in  fire-arms. 

Its  hygrometric  condition,  also,  impedes  its  utility ;  for  if  a  quantity  be  exposed, 
for  an  hour  or  two,  to  a  damp  Atmosphere,  it  absorbs  nearly  its  ovm  wdght  of 
water,  and  requires  re-drying  before  it  can  be  used :  we  have  also  stated  before,  that 
it  cannot  be  protected  from  atmospheric  moisture  by  compresdon  into  cartridges,  as, 
in  that  state,  it  does  not  explode  vrith  certainty. 

Dr.  Byan,  at  an  early  period  of  the  discovery,  pointed  out  that  gun  cotton  might 
be  80  prepared  as  to  g^ve  any  coloured  flame  required;  and  in  this  way  might 
be  extremely  useful  for  the  construction  of  signal-lights,  and  also  for  the  production 
of  the  usual  pantomimic  effects  of  our  theatres.  Thus,  by  using  a  solution  of  nitrate 
of  strontia,  before  drying,  the  cotton  would  yield  a  red  flame;  vrith  chloride  of 


*  See  Appendix  A. 
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«tipper,  ■  gCMD  Bune; — and  bins,  with  nitnte  of  biryta.  Tmpei,  lioeii,  eilico,  etc, 
may  alio  be  prepusd  in  the  sune  war ;  and  when  aaj  of  theae  maUriolt  are  rolled 
up  tigbU7,  thej  may  be  maite  to  bum  a  eootiderable  Icsgth  al  lime,  and  produce  a 
rtrj  pleaiing  eStct. 

Ttie  idea  of  employing  tbe  falminating  cotton  ai  I  labititale  for  ^nponder,*  for 
Artillery  pnrpoeea,  teenu  to  be  completely  abandoned ;  but,  on  account  of  the  amall 
quantity  of  imoke  given  off,  as  well  ai  on  aeconnt  of  ita  enormoui  force,  it  ii  uied 
mnch  for  tniningf  pnrpoeea ;  the  proportiotiate  quantity  need  being  a  fourth  of  that 
of  powder.  In  tbe  '  Atbencnm  '  of  October  24th,  1816,  we  have  an  account  of  the 
employment  of  cotton  for  mining  pnipoMi,  giien  at  the  meeting  of  the  Boytl 
Geographical  Society,  tbe  week  before,  at  PenuBce,  by  Mr.  R.  Taylor.  In  that  acMunt 
he  renutfked,  that  where  cotton  wai  employed  in  tbe  proportian  of  one-fourth  of  the 
mnal  quantity  of  powder,  not  only  wai  the  earth  broken  op  utiafactoiily,  bnt  tbe 
minen  were  able  to  approach  the  ipot  imtDediately,  and  retone  their  work ;  while, 
if  gunpowder  had  been  employed,  ai  the  mine  wu  not  well  lituated  for  Tentilation, 
•t  leaH  tbree-qnartert  of  an  hour  mutt  have  elapied,  before  the  amoke  would  have 
allowed  them  to  work. 

In  conclniion,  we  may  atate  that  an  attempt  has  been  made  to  employ  gun  cotton 
aa  a  motive  power  instead  of  steam ;  but  sp  to  this  peiiod  no  well-aathenticatad 
eases  of  succeu  have  been  published.} — J.  R. 

APPENDIX  A.J 
Beporl^aSileel  OmtmUlft  Md  «*  WoclaitA,  3rd  S^trmitr,  18*6. 
Dr.  SchSnbein  attended  the  Committee  and  delivered  in  a  Paper  detailing  the 
proportioni  of  hit  Sxplotive  Cotton,  and  exhibited  spedmeni  of  it  in  small  quantities, 
prepared  to  difTerent  degrees  of  strength.  He  stated  to  the  Comniittee,  that  he  had 
veriSed  the  ditftorent  properties  which  he  ascribed  to  his  preparation  by  man;  eiperi- 
mcBla,  and  proceeded  to  do  so,  in  their  presence,  on  a  small  scale.  Some  chaises 
were  introduced  into  a  carbine,  and  exploded  by  the  ordinary  means  of  a  percussion 
copper  cap.  Tbey  ignited  readily,  left  the  barrel  perfectly  clean,  and  appeared  to 
have  all  the  effect*  of  gunpowder.  A  riHa  loaded  with  tbe  cotton,  and  tbe  regulation 
belted  ball,  was  discharged  at  a  range  of  80  yards,  the  eOM  and  penetration  of  the 
ball  being  good. 
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i.  It  ii  not  ignited  bj  the  Metioa  or  conenMioB  oeeuiing  in  eharf^g  eMmoo, 
mintan,  riilet,  or  any  other  fire-trms,  and  mines. 

3.  Any  of  the  meant  hy  whidi  gnnpowdar  is  inflamed,  also  inflamea  the  eiplosiTe 
eotton. 

4.  When  prepared  u  strong^  as  possible,  it  does  not  produce  any  perceptible 
smoke  or  smell,  nor  leare  any  residne.  A  little  less  strongly  prepared,  tt  prodooes 
some  smoke,  but  consideraUy  less  than  gmpowdar,  and  in  this  esse  the  lesidne  left 
Is  almost  notlm^ ;  and  fire-arms  may  be  thereCore  dischaiged  Ibr  any  nnmber  of 
times  withont  requiring  cleaning. 

5.  The  fire-arms  are  but  little  heated  by  using  gun  cotton,  nor  is  their  metal  aen> 
^bly  affseted  or  corroded. 

6.  Water  exerts  no  action  upon  strongly  prepared  gun  cotton ;  for  being  dried 
again,  it  re-assumes  all  its  primitire  eiplotire  foree. 

7.  Gun  cotton  may  be  used  in  all  cases  where  gunpowder  is  at  present  employed, 
without  requiring  any  change  in  the  fire-arms  of  the  present  construction. 

8.  Ftom  a  great  number  of  experiments  made  by  Professor  SchSnbein,  it  appeared 
that  in  cannon  and  mortars,  as  well  as  in  the  rifles  used  in  Switzerland,  the  propelUng 
force  of  gun  cotton  is  at  least  twice  that  of  gunpowder,  weight  by  weight.  In  Ame- 
rica, with  rifles  of  a  certain  construction  (narrow  bores  and  eonical  bdls),  the  power 
of  the  explosive  cotton  is  at  least  four  times  as  great  u  that  of  the  very  best  gun- 
powder. Similar  results  were  obtained  in  blasting  rodn  and  mines,  "^th  four 
ounces  of  explosive  cotton,  Professor  Sehdnbdn  blasted,  for  instance,  a  very  hard 
fragment  of  an  old  tower,  of  250  cubic  feet  in  size.  To  obtain  the  same  result  with 
gunpowder,  at  least  two  pounds  of  that  article  would  have  been  made  use  of  on  the 
occasion. 

9.  The  preparation  of  the  explosive  cotton  does  not  expose  to  any  danger  of  ex- 
plosion, is  most  simple,  and  so  qvAdk  that  within  24  hours  at  most,  the  whole  operas 
tion  is  gone  through  and  finished.  The  arrangements  for  that  preparation  are  equally 
of  most  simple  description,  and  little  expensive. 

10.  The  materials  required  for  making  gun  cotton  are  cheap,  easy  to  be  had,  and 
there  is  every  reason  to  admit  that  the  same  amount  of  propelling  power  produced  by 
gun  cotton  will  be  sensibly  cheaper  than  that  obtained  from  gunpowder. 

Note, — These  statements  have  not  been  verified.  The  expense  of  gun  cotton  is 
considerably  greater  than  gunpowder,  and  the  application  of  the  fonner  for  Artillery 
purposes  has  not  been  brought  into  use ;  and  the  quantity  used  in  quarrying  is  limited. 
The  subject  of  gun  cotton  and  its  component  parts  is  not  explained  for  the  purpose 
of  recommending  its  use,  but  by  way  of  showing  when  it  may  be  adopted  under 
peculiar  circumstances,  such  as  the  want  of  gunpowder,  or  the  impracticabiBty  of  con- 
veying it  to  the  spot.  And  yet  gun  cotton  could  be  manufectured,  if  the  materials 
are  available,  whilst  the  mining  operations  are  in  progress;  or,  if  manufectured  at  a 
distance,  the  extreme  lightness  of  the  article  renders  it  easy  of  conveyance  In  bags, 
in  any  quantity,  or  slung  on  a  pole  upon  men's  shoulders,  and  thus  transported  with 
safety  where  neither  horses  nor  carriages  could  pass. — Editort. 

siBScnoNa  von  usino  acBoMBBiir'n  patbht  ovv  ootton,  awtmacawim  towl 
BLASTuro  srniT  mosomtpnov  of  boos  akd  untmmAim 

It  is  recommended  that  safety  fuze  should  be  used,  and  inserted  into  the  cartridge 
to  the  extent  of  about  two  inches,  and  tied  fest  to  the  ned[  of  the  cartridge  with  a 
piece  of  string.  * 
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Tbere  U  ■  bUck  dot  at  one  and  of  the  cuiridge,  to  ihov  whare  tha  toit  ii  to  be 

The  hole  U>  be  tamped  ihodil  be  made  infficientlf  large  in  diimeter,  that  the  car- 
tridge iiitf  reach  tbe  bottom  without  there  being  any  occaiion  to  force  the  ume 

The  hole  ahonld  be  made  ai  diy  u  poirible  before  the  cartridge  ii  inierted. 

When  the  cartridge  ii  down  to  the  bottom  of  the  hole,  pat  into  tbe  hole  a  handful 
of  dry  land  or  clay,  to  ai  to  corer  tbe  top  of  the  cartridge  to  the  depth  of  one  or  two 
inchei ;  then  proceed  to  ram  or  item  down,  prediely  u  in  the  caae  of  hlaiting  with 


Tbe  fnze  being  cut  off  to  the  required  length,  according  U 
readjt  for  firing. 

Where  there  ii  an  abiolnte  necniity  for  uiing  the  gun  cotton  in  a  loose  itale,  ■ 
wood  rammer  only  ii  to  be  lued. 

Niale. — It  appean  that  gun  cotton  bas  been  partially  aaed  in  the  qoarrie*  of  North 
Walea,  wbere  S  ounce*  of  gnn  cotton  raiatd  60  torn  of  alatei  in  two  consecutiie 
trial*,  and  at  a  great  variety  of  placei  tbii  eiplotive  compound  hai  shown  ita  utility 
■nd  enormoui  power.  The  palenteet  (Meiata.  Hall  and  Co.)  of  Scbfinbein't  gnn 
cotton  lopply  the  article  compreued  in  round  and  iquare  paper  caiea  of  4  oi.  each, 
packed  in  boica  containing  SO  and  100  eatea. 

It  ii  coniidered  by  them  tbat  1  az.  of  gon  cotton  are  equal  to  24  oz.  of  blaiting 
gunpowder. 

Gon  cotton  ia  alio  made  in  tubei  or 

Cartridgeaof        1         1^        Ii        IJ 

containing        2        4  6  8  ox.  each. 

For  blaiting  in  qoarriei,  paper  tnbei  are  made  3  feet  in  length,  coDlaining  one 
ODuce  of  patent  gnn  cotton  per  foot. — Bdilort. 

APPENDIX    B.* 

Rttvllt  of  eomparalne  Bujierimeitli  made  imVA  Pj/roryle,  leUh  Poaider  uted  for 
Small  Arm  and  Arlittrry,  milk  Pmcdrr  at  pntployed  n  Una  and  lie  Extraelvm 
itfSttma  by  blattiity.      Trmulated  from  (Ac  Report  of  Ihe  Commitiion  to  tzemine 
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its  value  represented  by  0-34.    If  the  pressure  be  increased,  the  barrel  breaks. 

With  the  last-named  density  (0*34)  its  explosive  effects  are  as  when  pressed  by  the 

hand. 
^o<        4.  In  order  to  facilitate  the  discussion  of  the  relative  powers  of  pyrozyle  and 
of  their  powder  (les  propri^t^  des  poudres  et  du  pyroxyle),  the  atomicai  weight  of  the  ele- 
icu  of*^  ments  of  each  compound,  as  also  of  the  products  of  their  explosion  (detonation),* 
biMtioQ.  are  given  in  the  annexed  Table. 

tive  5.  Let  c  represent  the  charge  in  gunpowder  in  a  military  mine,  and  tf  a  charge  in 

aed  for '  pyroxyle :  it  has  been  found  that  when  ^a0*43  c,  the  radii  of  the  craters  produced 
u?*^  by  the  explosions,  and  also  the  horizontal  radii  of  rupture,  are  equal.  Nevertheless, 
owder.    in  the  mine  charged  with  pyroxyle,  the  solid  of  earth  raised  by  the  explosion  was 

thrown  upwards  with  less  violence,  and  fell  down  again  into  the  crater ;  and  indeed 

it  has  been  found,  to  produce  with  pyroxyle  an  equal  lined  crater  as  vrith  powder, 

</  must  be  increased  to  0*60  c. 

6.  This  anomaly  may  be  explained  by  stating  that  the  vapour  of  water,  which 
forms  ^  of  the  products  of  the  deflagration  of  pyroxyle,  has  at  the  moment  of  com- 
bustion a  more  expansive  force  than  the  permanent  gases,  but  that  when  the  vapour 
or  steam  comes  in  contact  with  the  earth,  it  is  soon  entirely  condensed,  and  ceases  to 
act ;  but  on  the  contrary,  the  products  of  the  combustion  of  powder  are  permanent 
gases,  not  capable  of  condensation  .f 

7.  The  same  anomaly  is  not  remarked  in  the  employment  of  pyroxyle  in  guns  or 
small  arms ;  because  there  is  less  surface  in  contact  vrith  the  resulting  gases,  and  the 
action  is  more  instantaneous.  In  small  arms,  the  coefficient  of  pyroxyle,  to  produce 
the  same  effect  as  gunpowder,  is  about  0*35.  In  the  blasting  of  rocks,  the  required 
coefficient  has  been  found  to  be  0*25  in  relation  to  powder  used  for  small  arms  and 
artillery,  and  0*33  for  mining  powder ;  the  strength  of  the  former,  compared  with 
the  latter,  having  been  found  to  have  the  ratio  of  0*33  to  0*25.  The  difference  in 
expansive  power  in  the  two  descriptions  of  powder  may  be  explained  by  remarking, 
that  the  mining  powder  has  less  nitre,  and  therefore  yields  after  combustion  carbonic 
oxide  and  carbonic  acid ;  and  that  the  powder  for  small  arms  and  artillery  produces 
only  carbonic  acid.  The  carbonic  oxide,  as  a  gas,  acts  similarly  in  the  explosion  as 
carbonic  acid,  but  having  less  heat,  it  has  less  elasticity. 

8.  The  result  of  the  above  explanations  points  out  that  mining  powder  ought  to 
be  constituted  similarly  to  powder  for  small  arms  and  artillery  ;  and  that  therefore 
nitrate  of  potash  or  nitrate  of  soda  should  be  added,  in  order  to  supply  the  deficiency 
of  oxygen.  Experience  has  confirmed  these  suggestions  of  theory.  By  simply 
mixing  18  parts  by  weight  of  nitrate  of  soda,  or  22  parts  of  nitrate  of  potash,  to  100 
parts  of  mining  powder,  M.  Combes  has  made  a  gunpowder  whose  effects  correspond 
exactly  with  the  gunpowder  employed  for  small  arms  and  artillery. 

tustion  9.  The  products  of  the  deflagration  of  pyroxyle  contain  carbonic  oxide,  and  permit 
^' "  therefore  of  a  new  combustion  of  that  oxide  after  the  explosion.  In  experimenting 
with  this  view,  M.  Combes  has  succeeded  in  procuring  this  combustion ;  and  this 
will  explain  the  appearance  of  flame  which  is  sometimes  remarked  after  the  explosion 
of  mines  charged  with  pyroxyle. 
^Q  ^f  10.  M.  Combes  concludes  that  it  is  always  desirable  to  produce  this  second  com- 
bustion after  the  ignition  of  the  pyroxyle,  by  adding  to  the  latter  a  compound  that 
would  supply  it  with  oxygen.  Experiments  have  confirmed  M.  Combes's  opinions  : 
it  has  been  found  that  by  adding  to  a  kilogramme  (2*206  lbs.  English)  of  pyroxyle,  830 


*  I  think  "  Detonation  "  here  must  be  rendered  Combuition,  or  perhaps  Explosion. — J.  W. 
t  Under  ordinary  pressure  of  the  atmosphere.— £<fi7or«. 
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gniDmet  (I9-292  Baglith  omieei)  of  ehlonte  of  potuh,  or  818  grunme*  (38-868 
Eogliih  ouncet)  of  nitrate  of  potuh,  or  690  gnminei  (23'64S  annca)  of  nitrate  of 
potuh,  effecti  hsie  beeo  obtdned  eqnRl  at  leut  to  that  of »  eqoal  weight  of  pyroijlB^ 
Tbfl  dipping  of  the  pTroijIe  into  a  lolation  of  nitre  bt*  be«n  tbond  to  be  iqnrious. 
The  ult  incnut)  tbe  ootton,  and  preventi  the  accau  of  the  flre  to  it. 

II.  FroD  the  inveatigationa  into  the  composition  of  confined  air  (de  I'air  eonSn^) 
by  M,  Felix  Le  Blanc — '  Annale*  de  Chimin  et  de  Pbytiqne,'  torn.  i.  p.  245,  line  3, — 
il  hu  been  thown  tb*t  a  d<9'cao  lire  lome  time  in  an  atmoipheie  compoaed  of  70 
parti  d  common  air  and  30  of  carbonic  add  ;  that  in  an  atrooepbere  cotDpoaed  of  91 
paiU  of  air  and  B  of  carbonic  acid,  a  candle  will  not  burn ;  that  peraoni  in  inch  an' 
atmotphcM  breatbe  with  difficulty,  but  run  no  dinger  from  luSbcalion  (d'aiphyiie) : 
(hat  u  air  vitiated  by  the  combuation  of  carbon,  and  containing 
19-19  oiygen, 
75-62  nitrogen, 
4-61  carbonic  acid, 
'54  carbonic  oxide, 
0-04  cacburetted  hydrogen, 

100-00, 
and  where  candlea  bum  well,  hu  been  fatal  to  a  dog  and  a  bird.    The  carbonic  add 
entcn  in  the  aboTe  analyiis  only  in  the  proportion  of  4}  per  cenL  ;  the  carburetted 
hydrogen  ii  not  a  poiion ;  of  the  other  elementi  there  ii  only  the  carbonic  oxide 
wbicb  it  M,  and  the  above  experiments  show  how  aratll  a  proportion  ii  neceaury  lo 


12.  From  the  analytii  given  ia  the  Table,  it  appean  that  the  gates  produced  by 
mining  powder  and  pyroxle,  containing  a  la^e  quantity  of  carbonic  oxide,  muat  be 
eonndered  la  canung  death  by  poiion ;  and,  under  Ihii  new,  the  iddititHi  to  this 
powder  and  to  the  pymxyle  of  the  nitratei,  the  presence  of  which  correcti  the 
carbonic  oiida  into  carbonic  add,  ii  strongly  to  be  recommended,  even  if  it  did  not 
augment  the  efffecu  of  the  explosion. 

13.  BulincoDsideringaufToeation  M]NrodDced  by  the  combaaiion  of  powder,  there 
are  other  circumstances  which  it  ii  important  to  inquiTe  into. 

In  firing  in  a  casemate,  where  the  atmosphere  soon  becomes  Chick  with  imoke,  and 
the  lulphnr  and  potash  are  obserred  oo  the  dreu  ol  those  present,  there  i>  much  diffi- 
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TaMe  tkowhtg  the  Atomical  Comporiiitm  qf  th§  SuMmieei  which  enter  into  the 

• 

FahrieatitM  of  Powder  and  Pjfroxyle, 


-_     • 

|l 

Namca. 

Symbols. 

Atomica 
Weight. 

i 

NamM. 

Sjmbola. 

if 

1 

l> 

Oxygen  .    .    . 

0. 

100 

r  900 

Nitrogen     .    . 
Nitric  Add .    . 

N. 
NO*. 

175 
675 

2 
»» 

Cotton    .     .     . 

C"  H"»  0». 

J  1125 

< 

Hydrogen    .    . 

H. 

12-5 

1 

2025 

Water    .    .    . 

HO. 

112-5 

2 

Potassium   .    . 

K. 

489 

Nitric      Acid  1 
monobydrate  J 

N0»H0. 

785-5 

»♦ 

Sodium  .    .     . 
Potash    .    .    . 

Na. 
KO. 

287 
589 

Carbon   .    .    . 

C. 

75 

y« 

Soda  .... 

NaO. 

387 

Carbonic  Oxide 

CO. 

175 

2 

Nitrate  of  Potash 

NO»KO. 

1264 

„       Acid . 

C0». 

275 

2 

„     of  Soda 
Sulphur  .     .    . 

N  0»  Na  0. 

S. 

200 

Remarke  on  the  Uee  qf  the  Con^arathe  Tahlee  qf  Compoeitiom  ef  Powder  and 

Pjfroxyle, 

There  are  two  modes  of  considering  the  ehemieal  constitntion  of  gaseous  bodiea, 
namely,  first,  by  the  atomical  weight  of  their  combining  eqiii?alent8 ;  and  second,  by 
the  number  of  combining  volumes.  In  the  Table,  each  of  these  views  is  exhibited; 
but  in  order  to  take  practical  advantage  of  the  column  of  relatife  volomes,  some 
caution  is  necessary  to  those  who  may  not  be  in  the  halnt  of  using  diemical  fbrmolsB. 
The  column  of  volumes  corresponds  to  the  column  of  atomical  weight,  not  to  that 
of  relative  proportion  per  cent.,  and  expresses  therefore  by  Tolumes  what  the  other 
expresses  by  weight:  thus,  in  the  case  of  pyroxyle,  23  COa23  x  175^4025 ;  but 
the  combining  volume  of  carbonic  oxide  is,  as  compared  to  that  of  oxygen,  as  2  to  1, 
hence  in  volumes  23  CO»23x2a46;  1  carbonic  add  CO»«275,  but  the  com- 
bining volumes  are  2,  as  in  carbonic  oxide ;  5  nitrogen  » 5  x  175  =  875,  but  the  com- 
bining volumes  are  also  2,  or  5  x  2— 10:  17  vapour  of  water,  or  17  H  0»17x 
12*5+100  =  1912*5,  but  in  volumes,  hydrogen  and  oxygen  unite  in  equal  quantities, 
so  that  the  volumes  are  17  x  1  +  1  =34. 

If  then  the  question  arise,  What  is  the  comparative  amount  of  volumes  produced 
by  the  combustion  of  each  description  of  explosive  agent  ?  the  quantities  given  in  the 
column  of  relative  volumes  must  be  reduced  in  the  proportion  of  the  gross  atomical 
weight  to  the  number  100,  or  to  any  other  definite  number  representing  the  quantity 
used,  and  the  Table  thus  reduced  gives  the  following  proportional  quantities  of  gues 
produced  by  the  combustion  of  an  equal  quantity  of  each  material. 

Poudre  de  guerre  (for  small  arms  and  artillery)      .        .        *474  or    4*74 
Poudre  de  mine  (blasting  powder)         ....        '509  or    5*09 

Pyroxyle 1*299  or  12*99 

It  must  he  also  kept  in  mind  that  in  this  Table  the  French  system  of  considering 
oxygen  as  100  and  hydrogen  12*5  is  adopted ;  whereas  hydrogen  is  frequently  con- 
sidered 1  and  oxygen  8,  or  water  1  +  8  =  9;  but  knowing  this  difference,  a  mere 
inspection  of  any  representation  of  a  chemical  formula  in  atomic  weights  where 
oxygen,  hydrogen,  or  water  occurs,  must  show  which  system  has  been  adopted,  and 
the  corrections  to  be  applied. 
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The  folloiring  minei,  chtrpd  vith  gaa  cotton,  were  exploded  daring  (he  open- 

tioDi  carried  on  at  Bapaume  during  the  antumn  of  1847. 

A  charge  of  29^  Ibi.  wa>  placed  behind  the  escarp  of  a  rarelin,  4  fe«t  6  iaehea 

thick  at  lop,  and  9  feet  2  inchea  at  bottom :  the  lioe  of  leait  reiiitance  waa  e'6  feet : 

the  maaonrr  wai  moch  ihaken,  bat  no  practicable  breach  made,  nor  wat  the  escaip 

thrown  down- 
In  each  initance  of  an  eiperioieat  wilb  gun  cotton,  a  comparative  mine  waa  fired 

with  gunpowder,  with  the  view  of  aacertaining  the  relative  force  of  the  two  com- 

The  equivalent  experiment  in  powder  to  the  above,  coniitted  of  a  charge  of  67  lb*., 
placed  nnder  Bimiltr  conditioag  to  the  above.  The  exploaion  threw  down  (he  eacarp, 
and  formed  a  practicable  breach,  2S  yardi  wide.  In  auigning  the  ratio  between 
ganpowder  and  gnn  eolton,  so  ai  to  produce  from  the  exploiioni  an  equivalent  ex- 
panaive  force,  the  Ftench  Engioeera  had  multiplied  the  charge  of  ponder  bj  decimal 
■48 :  the  result  of  the  firat  eiperiment  proved  that  thii  ratio  was  too  high. 


Ftrtl,  iBilh  Annier.— Charge  293  Iha.  i  L.  L.  R.  16-5  feet :  diatance  alto  ^roro 
chamber  to  front  of  eacarp,  16-&  feet.    Theminewaa 
placed  the  bat-named  diatance  behind  the  eacarp  of  a 
ravdin,  which  it  overthrew,  farming  a  crater  about 
34  feet'in  diameter. 

Samt  ExprrimnU  vilk  Pfroxylr.—The  factor  -4 
having  been  ahown  by  Eiperiment  No.  I,  to  hai 
been  too  amall,  it  wu  increaied  to  -6 :  the  charge 
therefore  waa  293x -e^lT&'B  Iba.  The  eiploaioi 
ahowed  the  mine  had  been  lurcharged ;  not  only  bj 
the  more  violent  projection  of  fragmenta  of  the  maaonrj,  hut  hy  the  form  of  the 
crater :  the  breach  waa  quita  practicable :  the  multiplier  -6  therefore  gave  a  charge  in 


Piril,  vith  Powflrr.—Chtrge  3G8  lbs. :  L.  L.  R.  96  feet :  the  latter  in  the  direction 
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nt  *6.  .  Sicomd,  Qtm  CdtirnL — Charge  102 Ibi.  A  siiiiilir  crater  was  prodoeed;  the  results 
of  each  explosion,  at  shown  by  the  crater,  bdng  eqnaL  Dedmal  *5  appeals  there- 
fore the  proper  coefficient. 

A  third  experiment,  under  the  above  conditions  of  line  of  L.  R.,  hot  adding 
81  lbs.  of  nitrate  of  potash.  No  observable  additional  effect  on  the  crater  was  pro- 
duced by  tiie  addition. 

Fomrth  Ssperimeni.  Fint,  with  Poipd^.— This  experiment  consisted  of  a  dis- 
position of  three  mines  placed  behind  the  escarp  of  a  het  of  a  bastion.  The  extreme 
mines  were  loaded  with  668  lbs.  of  powder;  the  centre  one  with  400  lbs.  The  Une 
of  least  resistance  was  16*5  feet:  the  escarp  15  feet  thidc  at  bottom,  and  7  feet  6 
indies  at  top.  The  extreme  mines  were  placed  at  intervals  apart  equal  to  twice  the 
L.  L.  R.    A  perfect  breach  was  formed,  30  yards  wide. 

Parallel  Experiment  with  (Twt  Cotttm. — The  disposition  consisted  of  three  mines, 
each  charged  with  335  lbs.  of  pyroxyle :  the  L.  L.  R.  was  18  feet ;  otherwise  the  other 
details  were  as  above.  Only  one  mine  exploded:  it  produced  a  breach  20  yazds 
wide.  The  cause  of  the  feilore  of  the  explosion  of  the  other  mines  was  feiriy  attri- 
butable to  some  disarrangement  having  taken  place  in  the  hose. 

FIITH    COMPARATIVS  XXPUUIIBMT. 

Fint,  Powder, — A  charge  of  80  lbs.  behind  the  escarp  of  a  ravelin,  with  a  L.  L.  R. 
of  8  feet :  it  was  contained  in  a  powder-box  whose  volume  was  ten  times  as  great  as 
that  occupied  by  the  powder.  The  result  of  the  explosion  shook  the  revetment,  but 
did  not  throw  it  over. 

With  Pyroxyle, — Charge,  49  lbs. :  drcumstanoes  of  the  mine  as  above,  and  the 
effBCts  on  the  wall  were  about  the  same. 

SIXTH   BXPSBIMSMT. 

€hm  Cotton  only. — ^Two  charges  of  400  lbs.  each  of  gun  cotton  were  exploded 
behind  the  escarp  of  a  bastion,  which  was  completely  overthrown. 

In  addition  to  the  above  experiments,  a  small  mine  charged  with  gun  cotton  failed 
to  ignite,  probably  from  some  disarrangement  of  the  hose. 

The  gun  cotton  was  placed  in  the  chamber  in  bands,  and  fired  by  means  of  a  hose 
invented  by  a  Captain  of  Artillery,  La  Riviere,  but  very  similar  to  our  Bickford's  fuze. 

16th  Oct.  1847.  J.  W. 

From  the  results  of  the  above  experiments  it  appears,  that  when  gun  cotton  is  used 
in  considerable  quantities,  only  one  half  the  equivalent  weight  of  powder  is  neces- 
sary to  produce  the  same  result. 

APPENDIX   C* 

ADDITIONAL   REMARKS    ON  THE  BISTORT,  COMPOSITION,  AND  UTILITY  OF 

GUN    COTTON. 

The  preceding  Papers,  which  contain  some  of  the  latest  practical  experiments  on 
gun  cotton,  leave  a  doubt  on  the  mind  as  to  its  general  utility ;  and  it  is  desirable 
therefore  to  look  further  at  the  subject.  As  a  substitute  for  gunpowder  in  the 
discharge  of  cannon,  there  is  little  chance  that  it  should  be  ever  rendered  available ; 
but  that  it  may  be  so  in  the  discharge  of  mines  is  extremely  probable,  and  it  ought  to 
be  considered  an  advantage  to  possess,  especially  in  a  large  fortress,  any  additional 


*  By  Colood  Poitloek,  R.E.  tad  F.It.8. 
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meaiu  of  defence.  The  mode  of  preptring  gun  cotton  ia  very  limpte,  sod,  with 
proper  attention  and  definite  mle*,  may  be  rendered  certain  and  ufe ;  m>  that  at  any 
time,  in  a  well-provided  Artillery  Laboratory,  it  might  on  an  emergency  be  prepared. 
The  point!  lo  ateertain  are,  ill  real  compoiition  and  the  method  of  arriving  at  in- 
vari^e  reanlta  in  ita  preparation.  An  uneerlaiaty  on  thia  inbject  led  chemiita  to 
confound  the  gun  eotton  of  Schonbein  with  the  lylo'idine  of  Bracoanot ;  and  Peloue 
even,  who  claims  to  have  luggeated  the  preparation  of  combuatible  lubstaacea  by  the 
action  of  nitric  add  on  vegetable  "  cellulose  "  (at  in  cotton,  paper,  wood,  etc.),  ao  iar 
back  u  183B,  confounded  it  with  the  lyloidine  of  Braconnot,  which  wai  the  pulve. 
ralent  amorphous  matter  thrown  down  in  piecipitating  by  water  ■  cold  nitrons- 
solution  of  starch,  or  a  similar  hot  aolution  of  "  celluloae."  Aa  M.  Pelouze  is  correct 
in  his  statement,  he  certainly  preceded  Scbonbein  in  thia  discovery;  but  it  mnst  be 
admitted  that  the  discrimination  of  the  snbilaoee,  and  its  leporation  from  lyloldine, 
were  the  reanlta  of  the  diacovery  of  Schiinbein,  and  that  he  may  juatly  be  considered 
itt  real  practical  inventor,  as  he  arrived  at  it  by  peculiar  theoretic  conaideratioBS  on 
the  nature  of  hydnted  nitric  and  aulphuric  acid>,  the  eiiitence  of  which  compounds 
be  doubts.  In  SchanbeiD's  theory,  a  mixture  of  2  equivalents  of  aulphuric  acid  and 
I  equivalent  of  nitric  add  should  be  represented  not  a>  2  (SO^-I- HO)  +  N'O^+HO, 
but  aa  2  (S0,+ HO,) +  140,  + HO„  and  that  the  reault  of  the  miiture  would 
be  to  aet  free  3  equivalents  of  a  binoxide  of  hydrogen.  3  HOj,  which  would  act  aa 
a  powerful  oxidizing  subatance.  Whether  thia  theory  be  admitted  or  not,  it  shows 
a  very  diitinct  line  of  reasoning  which  ia  quite  original  to  Schiinbein.  Schonbdn 
commenced  his  eiperimenta  on  sugar,  which,  in  the  state  of  fine  powder,  he  formed 
into  a  very  fluid  paate  with  a  mixture  of  1  part  nitric  acid  of  l'&  >p.  gr.  and  2  parts 
of  sulphuric  acid  of  185  sp.  gr.  at  36°  Fahr.,  which,  being  well  stirred,  emitted  no 
gaseona  exhalation.  The  viscous  mass  was  then  aeparated  from  the  acid,  well 
washed  with  boiling  water  until  free  from  acid,  and  deprived,  at  a  low  temperature, 
of  aa  much  of  the  water  as  possible.  Exposed  to  a  low  temperature,  the  substance 
was  compact  and  brittle ;  at  a  moderate  temperature,  it  could  be  moulded  like  jalip 
reain,  and  assumed  a  beautiful  silky  lustre :  it  was  semi.fluid  at  212°  i  at  higher  tem- 
peratures it  gave  off  red  vapours ;  and  when  heated  more,  it  deflagrated  violently 
without  leaving  a  perceptible  residue.*  He  then  pursued  bis  eiperimenis  on  other 
organic  substances,  and  made  his  principal  discovery  eariy  in  lS45in  respect  to  cotton, 
as  well  as  in  regard  to  those  other  substances  described  in  the  French  Academy  in 
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The  excess  of  hydrogen  in  the  first  line  is  doubtless  due  to  gioistiiFe  absorbed  in 
the  operation. 

The  cotton  was  then  steeped,  until  thoroughly  wet,  in  a  mixture  of  equal  parta  of 
nitric  add  of  sp.  gr.  1*502,  and  strong  sulphuric  add,  then  well  washed  with  water, 
and  dried  at  a  temperature  not  exceeding  212^  In  one  instance  38*38  .grs.  became 
66*84  grs.,  being  an  increase  of  28*46  grs.,  or  74*15  per  cent. :  in  a  second,  59*3  grs. 
gave  an  increase  of  43*7  grs.,  or  73*7  per  cent.  The  gun  cotton,  or  pyroxyline,  thus 
produced,  resembled  the  original  cotton  in  physical  properties  very  closely,  and  ex- 
ploded at  about  370°,  producing  no  smoke  and  leaving  no  residue. 

As  the  increase  of  weight  in  making  gtm  cotton  has  been  differently  stated  by 
various  authors,  Mr.  Gladstone  tried  first  the  effect  of  difference  of  time  of  immer- 
sion, but  found  no  alteration.  He  then  tried  the  effect  of  different  proportions  of  the 
adds  employed.  With  1  measure  of  nitric  and  2  of  sulphuric  acid,  he  found  in  three 
separate  experiments  increases  of  56*84,  59*93,  and  70*6  per  cent.,  and  endeavouring 
to  account  for  the  discrepancy,  he  first  immersed  the  cotton  in  a  large  quantity  of 
acid,  and  obtained  an  increase  of  73*1  per  cent. ;  and  secondly  in  a  small  quantity, 
so  as  merely  to  wet  it  thoroughly,  when  the  increase  was  only  51*74  per  cent.,  and 
the  acid  residuum  gave  evidence  of  the  presence  of  organic  matter,  which,  in  the 
case  of  a  large  increase,  such  as  74  per  cent.,  it  did  not.  The  substance  obtained  vraa 
in  each  case  true  pyroxyline,  and  the  diminution  in  quantity  Mr.  Gladstone  ascribes 
to  a  partial  destruction  of  the  cotton  by  the  sulphuric  acid,  when  the  quantity  of 
nitric  acid  present  is  small, — a  result  which  induces  a  caution  as  to  perfect  immer- 
sion, also  recommended  from  other  reasons  by  the  French. 

Adopting  Dr.  Schdnbein^s  specified  method,  or  using  1  part  of  nitric  acid  of  sp.  gr. 
1*5,  and  3  parts  of  sulphuric  acid,  the  increase  was  75*20  per  cent,  in  one  ex- 
periment, and  75*47  in  another;  so  that  the  method  has  the  advantage  as  to  quantity 
obtained,  and  is  preferable,  as  sulphuric  add  is  more  readily  attainable  than  such 
highly  concentrated  nitric  acid.  The  identity  of  the  substances  themselves  obtained 
in  each  mode,  was  proved  by  analysis,  and  the  true  composition  of  pyroxyline  ascer- 
tained to  be — 

Carbon      .     26*23  \ 

m^T :    12-75  (  represented  by  the  formul.  C«  {  ^^^^  }  0^ 

Oxygen     .     58*29 ) 

Xyloidine  was  next  obtained  by  treating  starch  with  fuming  nitric  acid  until  the 
whole  was  converted  into  a  gelatinous  mass,  and  then  precipitating,  by  the  addition 
of  water,  the  xyloidine  as  a  white  powder,  which  was, well  washed  and  dried.  This 
xyloidine  exploded  at  360°,  leaving  a  carbonaceous  residue.  When  analyzed,  it  gave 
a  proportion  nearly  corresponding  to  the  formula  (though  the  nitrogen  was  in  excess) 

C34    j  «  jA'q  I  Ogo*  in  which  the  proportion  of  carbon  to  hydrogen  would  be  31*37 

to  3*70,  and  not  26*23  to  2*73,  as  in  pyroxyline;  and  it  is  this  superfluity  of  carbon, 
which,  as  Schonbein  observes,  unfits  it  for  an  explosive  agent.  If  nitric  acid  alone 
be  used  at  sp.  gr.  1*45,  a  substance  different  from  pyroxyline  is  obtained,  the  for- 
mula of  which  is  €34  "I  3  mq    r  O^of  or  that  of  xyloidine  obtained  from  starch ; 

and  this  same  substance  may  be  obtained  by  the  action  of  nitric  acid  of  1*45  on 
pyroxyline  itself.  And  further,  if  this  product  of  the  action  of  nitric  acid  on 
pyroxyline  be  again  submitted  to  the  action  of  the  mixed  adds,  pjrroxyline  is  re- 
produced. 
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Pyroxj/tate.  Xfbndine. 

loMluble  in  pore  wtter ;  nearly  id-  Iniotuble  in  water ;  ilightlj  soluble  in 

■oluble  ID  alcobol,  etber,  and  mixture  of      ether ;  more  *o  in  alcoliol ;  and  itill  more 
ether  and  ^  of  alcohol.*  in  ether  with  a  amall  qaantitjp  of  alcohol.* 

Acetic  ether  destroja  iti  fibre,   and  Diuolfei  in  acetic  ether.* 

diawlve*  it  rapidly.* 

DiitolTed   by  atrong  aulphoric    acid  DiaiolTed  by  inlphnric  acid  withoat 

only  when  aided  by  heat,*  heat.* 

Not  acted  upon  by  fumin;  nittic  acid.*  Soluble  in  fumin;  nitric  add.* 

DiiMlvei  in  hot  lolution  of  potuh.*  DiuolTCt    in    a    boiling  totutioB  of 

potuh.* 

Gun  cotton,  or  pyroiyline,  ia  alto  diasolved  with  long  boiling,  by  ammonia,  the 
alkaline  earbonatet,  hydrochloric  add,  and  weak  inlpburic  add. 

The  chancten  aboieeihihitedihon little  difference  between  theae  twotuhalance*, 
tnd  their  cloae  approximation  ia  manifeat  frooi  their  rcapectiie  formula  ;  but  it  may 
be  doubted,  a*  atated  by  Mr.  GUdatone,  whether  xyloidine  can  alwaya  be  conudered 
k  truly  definite  and  fixed  componnd.  Between  that  obtained  from  itarch  and  that 
procnred  by  Mr.  Gladatone,  from  cotton,  there  is  a  difference  in  proportiont,  the 
atarcb  lyloidine  giTing  carbon  24-0,  nitrogen  3A2 ;  and  the  cotton  xyloidiae,  carbon 
24-0,  nitrogen  2-6S  i  but  ai  both  resnlta  approximate  to  the  lame  chemical  formula, 
they  may  be  theoretically  contidered  the  laioe,  or  the  "  colon  hypoazotique  "  of  M. 
Payen  ;  though  Mr.  Gladstone,  from  the  circumatance  of  a  different  reault  in  acting 
on  atarch  xyloidine  and  on  bie  new  aubatance  rcapectJTely  by  the  mixed  acida.  pro- 
posei  to  retain  the  dittinctive  appellation  cotton  xyloidiae.  Starch,  when  treated 
by  the  nixed  acids,  yields  a  snbstance  of  greater  combuatibility  than  xyloSdinc,  and 
still  more  closely  resembling  pyroiyline,  yet  distinct  from  it  in  acme  physical 
qnalitiea;  and  this  aubttance  is  also  produced  by  the  action  of  the  minted  acids  on 
xyloidine,  so  that  there  ia  the  aame  conTcrlibility  between  xyloidine — and  what  may 
be  called  atarch  pyroxylioe — u  between  colton  xyloidine  and  the  Inie  pyroxyline. 

This  difference  of  results  between  the  action  of  nitric  acid  combined  with  more 
lAan  onr  eguivaient  of  water,  and  that  when  it  is  in  the  state  of  a  moaohydrate,  or 
combined  with  one  equivalent  only,  in  the  one  caie  giving  rise  to  prodncts  corre- 
sponding to  the  formola  of  xyloidine,  and  in  the  Other  to  prodncts  resembling 
pyroxyline,  deaertea  especial  attention,  as  anything  which  lenda  in  manipulation  to 
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per  cwt. ;  but  both  from  the  etrly  ezperiments  by  Mr.  R.  Tkjlor,  in  ConwaU,  made 
in  presence  of  Schonbein,  end  from  tboie  of  the  French,  the  relttiTe  etrength  of  gim 
cotton  to  thit  of  powder  mty  be  tt^ted  at  4  to  1 ;  end  by  Peloaxe't  itatemeDt,  that 
of  gun  paper  to  powder,  3  to  1 :  hence  the  relatiye  coat  for  compariaon  would  be 

Both  these  tubttances,  gun  cotton  and  gun  paper,  haie  been  tried  anccMsfrdly  in  ibe- 
arma ;  but  as  the  separation  of  the  fibres  of  the  former  facilitatca  rapid  oombostion, 
it  will  probably  be  always  found  most  suitable  for  that  purpose ;  whilst  in  all  those 
cases  where  it  has  been  deemed  desirable  to  condense  the  gun  cotton,  the  gun 
paper  made  from  paste  or  pulp  will  be  found  an  equally  advantageona  and  eflbctife 
substance. 

Bi.  Pelooze  has  also  tried  to  nse  his  gun  paper  as  a  substitute  for  j^ercnasion  capa ; 
but  though  a  loud  detonation  was  heard,  the  matter  was  not  peifoetly  consumed,  and 
the  fire  was  not  regularly  or  with  certainty  communicated  to  the  charge :  but  pyroiy- 
line  from  any  substance,  used  in  a  fibrous  or  shreddy  condition,  and  placed  in  copper 
capsules,  produced  most  powerful  detonating  caps ;  and  gun  cotton,  mixed  in  capanlea 
with  a  little  common  powder,  was  very  effective. 

The  perfect  combustion  of  pyroxyline  is  one  of  its  most  important  qualitiea  aa 
regards  fire-arms,  but  this  is  partially  neutralized  by  the  formation  of  much  aqueoua 
vapour.  For  mining  it  has  this  most  important  quality,  that,  after  explosion,  aa  in 
the  case  of  the  experiment  made  by  Mr.  Taylor  at  the  Restomal  iron-mine,  the  mine 
may  be  immediately  entered,  whereas  it  must  be  inaccessible  for  a  long  time  after 
the  explosion  of  gunpowder. 

Without,  therefore,  exaggerating  the  advantages  of  this  remarkable  compound,  it 
must  be  considered  most  important  to  be  able,  on  an  emergency,  to  convert  all  the 
ligneous  substances  available,  by  an  easy  and  not  expensive  process,  into  powerfully 
explosive  compounds.  In  endeavouring  however  to  do  this,  let  it  be  first  kept  in 
mind,  that  whether  the  action  of  sulphuric  acid  be  merely  to  remove  the  superfluous 
equivalents  of  water  from  the  nitric  acid,  or,  according  to  Schonbein,  to  co-operate 
in  liberating  the  peroxide  of  hydrogen,  its  presence  is  essential  in  at  least  an  equal 
quantity  to  that  of  the  nitric  acid.  2ndly,  That  the  cotton,  paper,  or  other  ligneous 
substance,  should  be  fully  immersed  in  the  liquor,  as  the  action  of  the  air  on  the 
parts  exposed  may  lead  to  the  formation  of  an  imperfect  product.  Srdly,  That  great 
precaution  is  necessary  in  drying  gun  cotton,  as  the  constant  passage  of  air  highly 
heated  by  contact  with  stoves,  braziers,  etc.,  may  produce  combustion,  and,  conse- 
quently, that  no  such  stoves  should  be  used  in  buildings  where  this  material  is  pre- 
pared. The  air  heated  by  hot-water  pipes  (not  on  the  high- pressure  system)  may 
be  used  with  much  safety. 

In  the  field,  the  increase  of  bulk  may  counterbalance  the  diminution  of  weight ; 
but  it  may  be  fairly  suggested  that  in  every  great  fortress  provision  should  be  made 
for  rendering  available,  in  time  of  need,  the  numerous  substances  containing  lignine 
which  are  sure  to  be  found  in  such  circumstances. — J.  E.  P.  Jan.  19th,  1848. 

LATER   OBSERVATIONS.* 

Mr.  Hadow  has  carefully  investigated  the  action  of  mixtures  of  sulphuric  and  nitric 
acids  upon  cotton,  and  has  pointed  out  the  esistence  of  several  distinct  compounds, 
the  formation  of  which  is  regulated  by  the  conditions  under  which  the  action  takea 
place. 

*  By  C.  L.  Blozam,  Esq.,  of  King's  College,  London,  and  the  B.  M.  Aeidemy. 
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TheM  experimeati  letd  to  the  iafcnnce  tbit  tbe  trae  ntiontl  foninia  of  cotton  » 
^a  I^m  '^  "^^  production  of  the  different  cotnpoundi  would  then  depend  upon 
the  oiiditioD  of  aucceuiTC  equivilenti  of  hydrogen  bv  the  nitric  tcid,  and  ita  removal 
in  the  tbnn  of  water,  while  the  ipacei  which  had  been  thus  left  vacant  in  the  com- 
pound were  filled  op  b;  tbe  peroxide  of  nitrogen  (NO^  reaolting  fl-om  the  deoiida- 
tion  of  the  nitric  add  (N0()  hj  the  removed  hydrogen. 

The  change  might  be  represented  by  the  following  general  formula,  in  which  tbe 
combined  water  of  the  hydrated  nitric  acid  i>,  for  the  sake  of  timplicity,  omitted : 
CaH„0„  +  nrJO.      =         C,H„-n(SO>0,,  +  nHQ. 

Cotton,  Pyro;(y!ine. 

The  compoiition  and  properties  of  the  pjroiyline  depend  therefore  upon  the  value 
(rf  a.  It  ia  neceaury  to  bear  in  mind  that  n  does  not  represeat  tbe  amount  of  anfay- 
droua  nitrie  acid  (NO,)  which  ia  present  in  the  mixture,  but  merely  that  portion 
which  sets  upon  the  cotton,  and  which  appears  to  depend  upon  the  proportion  of 
water  which  the  mixture  contains.  On  considering  tbe  fonDola,  it  becomes  evident 
that  the  action  of  hydrated  nitric  acid  (HO,NOj)  alone  upon  the  cotton  muat  yield 
■  very  variable  product,  since  tbe  acid  ia  conrinually  diluted  by  fresh  portions  of 
water  resulting  &om  ita  action  upon  tbe  cotton.  Altboogh,  by  employing  a  very  large 
proportion  of  hydrated  nitric  acid,  some  approach  to  constancy  might  be  made,  it  is 
far  more  convenient  to  employ  hydrated  sulphuric  acid,  which  enters  into  combination 
with  the  liberated  water,  and  Tirtually  maintains  the  nitric  acid  af  the  same  strength. 
The  value  of  n  may  then  be  altered  at  will  by  altering  the  proportion  of  water  which 
it  added  to  the  miitnre  of  nitric  and  aulphuric  acids. 

Proceeding  upon  thia  principle.  Mi.  Hadow  obtained  the  following  compounds  by 
acting  upon  cotton  trith  mixturea  of  acida  and  water,  of  which  the  compoaition,  ex- 
pressed in  equivalenta,  ia  annexed: — 

A.  C,  H„  (NO,),  Ojg!  produced  by  the  action  of  any  mixture  not  weaker  than 
HO,NOj  +  2  (HO.SOj)  +  3  HO. 

B.  C„  H^  (NO,),  Ojo ;  produced  by  the  action  of  HO,NOj  +  2  (HO.SOj)  +  3}  HO. 

C.  C„  Hn  (N0,1,  0„  i  produced  by  the  acUon  of  HO,NOj+  2  (HO,SO,)  +  4  HO. 

D.  C„  Hj,  (NO,),  Oj, ;  produced  by  tbe  action  of  HO,NO,  +  2  (HO,SOj)  +  5  HO. 
Tbe  difference  in  the  properties  of  these  compounds  is  very  marked,  and  of  great 

imporl«nce  in  practice.    A  is  the  most  explosive,  tbe  others  decrea»ng  in  exploti- 
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the  fonnttum  of  a  compound  contaiimig  leu  NO4  than  thoold  be  introdnoed  into 
the  cotton  by  an  acid  of  the  tame  strength  at  the  ofdinary  temperatofe. 

CONCLUSION. 

Note  on  Gun  Cotton  hy  the  Sditor9.—lhe  pernsal  of  the  preceding  pages  on  gun 
cotton  will  lead  to  the  conclusion  that  there  is  no  immediate  prospect  of  its  super- 
seding gunpowder  as  an  explosive  compound,  and  it  is  possible  other  diicoTeries  may 
render  the  application  of  gun  cotton  inexpedient. 

The  causes,  as  already  explained,  of  the  improbability  of  its  being  brought  into 
general  use,  are — 1.  The  difficulty  of  manufacturing  gun  cotton  in  large  quantities, 
as  the  disaster  at  Faversham  shows ;  2,  and  hence  the  great  expense  (see  Appen- 
dix A).  Lastly,  the  danger,  by  friction,  percussion,  and  even  from  moderate  heat, 
under  unaccountable  circumstances. 

These  causes,  after  the  novelty  has  worn  out,  vnll  lead  to  the  abandonment  of  gun 
cotten  in  quarrying,  which,  in  fact,  has  already  taken  place,  though  perhaps  in  part 
from  prejudices  of  the  miners. 

There  is  no  question  as  to  the  power,  and  no  secret  in  the  manu^MSture  of  gun 
cotton,  as  explained  in  these  Papers ;  but  the  adoption  or  application  must  rest  in  the 
judgment  of  the  Engineer,  in  preference  to  or  in  the  absence  of  gunpowder. 

The  discrepancy  in  the  relative  powers  of  gun  cotton  and  gunpowder,  as  shown  in 
Appendix  B.,  and  as  stated  by  the  manufacturers,  Messrs.  Hall,  of  Fkversham,in  Kent, 
in  Appendix  A.,  may,  independent  of  the  relative  purities  of  the  substances  used,  be 
accounted  for  by  the  different  circumstances  under  which  they  were  tried. 

In  England,  almost  our  only  practical  knowledge  of  the  compound  has  been  derived 
in  quarrying  rocks ;  and  as  the  gases  are  in  such  cases  closely  pent  up,  and  have  no 
means  of  escape,  the  effect  is  powerful,  and  the  result  should  approximate  to  the 
French  coefficient  for  small  arms,  viz.  0*35,  or  even  to  that  for  extracting  stones, 
viz.  0'33,  or  0*25  with  the  best  powder.  In  the  experiments  the  results  of  which 
are  given  in  Appendix  B.,  the  gases  mixed  themselves  with  the  soil,  and  the  conden- 
sation  of  the  vapour  of  water  was  facilitated,  so  that  much  of  the  moving  force  was 
annihilated;  and  this  difference  of  result  between  blasting  rocks  and  exploding  a 
mine  in  earth  had  been  also  observed  by  Mr.  R.  Taylor  in  his  early  Cornish  experi- 
ments. In  earth  mines  therefore  the  charge  of  gun  cotton  must  be  one-half  that  of 
gunpowder,  whilst  in  blasting  or  mining  in  rocks  and  old  walls  it  may  be  reduced  to 
one-quarter. 


GUNNER,* — A  term  obviously  derived  from  the  word  gun:  one  who  is  prac- 
tically acquainted  with  the  use  of  guns.  In  the  improved  state  of  modem  artillery, 
to  be  master  of  the  business  of  a  gunner  requires  long  and  careful  training  and  con- 
siderable experience.  A  gunner  should  be  thoroughly  acquainted  with  the  powers 
and  modes  of  serving  the  various  descriptions  of  ordnance,  whether  guns,  mortars,  or 
howitzers,  now  in  use,  both  for  Field  and  Garrison  Service.  He  must  be  acquainted 
with  the  nature  of  gunpowder,  the  mode  of  storing  and  moving  it,  and  the  precau- 
tions necessary  in  all  operations  where  powder  or  other  explosive  and  highly  inflam- 
mable preparations  are  employed.  He  should  be  able  to  make  up  ammunition  of  all 
kinds,  and  to  prepare  all  pyrotechnical,  commonly  called  laboratory,  stores:  the 
nature  of  solid  (round)  shot,  cold  or  hot,  hollow  shot,  grape,  case  shot,  spherical  or 

•  By  Colonel  Wilford,  Royal  ArtUkry. 
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common  tbeUi,  eircuea,  light-balli,  and  rockeU,  mutt  be  known  to  him,  u  ^eU  m 
the  dTcamittnee*  under  which  they  are  reapectiTely  beit  applied,  whether  hii  fire  be 
direct,  oblique,  enfilading,  Tertical  or  ricochet,  on  land  or  water.  He  ihould  raadily 
appreciate  diitancei  oyer  exer;  variety  of  grouad.  The  gunner  muit  be  converMnt 
with  the  varioui  model  of  motiDting  and  diimounting  ordnance,  and  be  familiar  with 
the  Die  of  the  enginei,  implementi,  etc.,  generallr  naed  in  the  Artillery  Service. 
Although  the  Britiih  gunner,  unlike  Artillerr'^fiemilitary  natioaiof  the  Continent, 
b  not  eipected,  at  in  the  common  conne  of  hi>  duty,  to  throw  np  batleiiei,  laj 
platformi,  etc.,  jiet,  ai  the  eiigendei  of  the  Service  ma;  frequently  call  for  the  per- 
formuice  of  »uch  opeimtioni,  where  no  adequate  force  of  Sappen  ma;  be  present, 
he  ought  to  be  inilructed  in  thoae  important  branchei  of  field-worki.  The  French, 
Au*tri«n>  Pruanao,  and  Ruuian  gunner  conitructi  hii  own  battery,  and  then  trma  it ; 
the  Bri^h  gnnaeriboald  be  capable  of  doing  the  aame. 

Bnoi^h  haa  been  laid  to  *hon  that,  to  form  a  really  effident  gunner,  an  able- 
bodied,  intelligent,  and  well-inttmcted  man  ia  required. 

'While  the  gunner  can  dlipenie  with  none  of  the  ordinary  quilitiei  of  a  good 
toldier, he  ha*  ipedal  need  of  the  greatest  ateadineu  and  cooineia  in  action:  the 
efficient  tervice  <tf  bii  gun  leqoiret  the  combiued  efforti  of  leveral  men ;  hit  dutiei 
are  altogether  more  complicated  than  those  of  the  Inftntry  or  Caialry  toldier,  and  if 
he  met  from  impnlae,  or  in  a  hurry,  he  will  nnllily  the  terricet  of  otbert,  and  render 
hit  guD  useleti.  The  heavy  gnnt  and  itorci  the  gunner  haa  to  deal  with,  the  variety 
of  labouit  and  &tiguet  incidental  to  hit  branch  of  the  Service,  make,  as  the  ?iench 
My,  "  le  goElt  de  travail ;"  that  it,  patience  and  goodwill  in  labour,  mart  eatential  to 
bin.  The  gunner  it  further  required  to  be  vened  in  the  ute  of  imall  armg,  and  it 
liable  tube  called  onto  perform  all  the  ordinary  dutiei  of  the  In&ntry  toldier.  Since 
ttM  cloae  of  the  Wan  of  the  French  Revolution,  the  dcBignation  of  limpIy  "  gunner," 
hat  ccaaed  to  exitt  in  the  Brilith  Artillery,  eicept  in  the  imill  portion  of  the  Corps 
rtyled  the  Horte  Brigade,  known  at  the  Royal  Hone  Artillery.  The  men  of  the  ten 
Battaliont  of  Royal  Artillery  are  now  called  "Gunnenand  Driven,"  and  eveiygnnner 
it  aa  eateotially  a  driver  ai  ■  gunner,  and  it  called  upon  indifferently  to  perform  the 
dntiei  of  a  gunner  or  a  driver,  u  may  be  required. 

The  dotiet  of  a  driver,  thongh  not  properly  falling  under  the  head  of  "  Gunner," 
may  be  here  glanced  at. 
The  Artillery  Driver  muat  be  able  to  drive  all  deacriptioni  of  honet  and  cariiagea. 
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his  podtioii  as  both  a  horse  and  foot  soldier.  The  dress  of  the  Artillery  soldier  should 
be  soldier-like,  but  plain  and  useful,  in  keeping  with  the  steady  reflective  character 
that  ought  to  distinguish  him. 

A  non-commissioned  Officer  of  Artilleryi  usually  a  sergeant,  is  appointed,  in  garrisons 
abroad,  to  act  under  the  Adjutant  of  Artillery  in  all  matters  relating  to  the  receipt 
and  issues  of  ordnance,  ammunition  and  stores,  between  the  Storekeeper,  the  Com- 
manding Officer  of  Artillery,  and  Officers  in  charge  of  artillery  districts ;  in  making 
out  demands  on  the  Storekeeper,  returns  for  the  Commander  of  the  Forces,  the  AcQu- 
tant-General  and  Director-General  of  Artillery,  in  preparing  salutes,  and  other  occa- 
sional duties.  The  Garrison  Gunner  has  charge  of  the  flags  of  the  garrison,  which  he 
hoists  on  proper  occasions,  as  directed  by  the  Commanding  Officer  of  Artillery. 
Master.  The  appointment  of  Master-Gunner  is  an  ancient  office  under  the  Crown.  In  the 
time  of  Henry  VIII.,  Master-Gunners,  with  a  certain  number  of  gunners  under  them, 
are  found  on  the  establishments  of  the  various  forts  and  castles  erected  for  the  defence 
of  the  country.  Master-Gunners  were  sworn  to  keep  faithful  charge  of  the  ordnance 
and  stores  in  their  custody,  and  duly  to  instruct  in  their  craft  the  gunners  under  their 
orders.  Since  the  establishment  of  a  Regular  Corps  of  Artillery,  the  situation  of 
Master  would  appear  to  have  declined  in  importance.  It  is  now  filled  by  pensioned 
sergeants  of  Artillery,  appointed,  on  the  recommendation  of  the  Adjutant-General, 
by  warrant  from  the  Commander-in-Chief.  Their  duties  are  to  take  charge  of  and 
render  half-yearly  Returns  of  all  ordnance,  carriages,  powder,  shot,  and  other  stores 
and  implements  of  war,  appropriated  for  the  use  and  defence  of  their  respective  forts 
and  castles. 

They  are  riequired,  with  the  approbation  and  written  authority  of  the  Governor  or 
Commanding  Officer  on  the  spot,  to  take  charge  of  any  ammunition  or  stores  on  the 
production  of  regular  bills  of  ladii^  or  delivery,  reporting  the  circumstance,  and 
sending  the  authority  in  every  instance  to  the  Head  Quarters. 

They  are  directed  to  salute  on  certain  Triumph  days,  and  to  observe  that  21  guns 
only,  and  those  of  the  smallest  nature,  are  to  be  fired :  to  acquaint  the  Governor  or 
Officer  commanding  on  the  spot,  and  also  the  Officer  of  Artillery,  before  they  fire  on 
any  occasion :  to  salute  no  person  whatever  without  express  orders  from  the  Com- 
mander-in-Chief, or  Adjutant-General  of  Artillery,  except  when  Her  Majesty  or  any 
of  the  Royal  family  are  passing  by.  If  the  Governor  or  Officer  in  command  on  the 
spot,  or  the  Officer*  in  command  of  the  Artillery,  should  at  any  time  require  the 
Master-Gunner  to  expend  any  stores,  or  to  salute  on  any  occasion  not  provided  for 
in  the  Instructions  of  Ae  War  Department,  he  is  to  request  such  order  in  writing, 
comply  therewith,  and  represent  the  same. 

He  is  to  pay  the  greatest  attention  to  the  good  order  and  preservation  of  the  stores 
under  his  charge,  that  everything  may  be  in  a  state  for  immediate  service.  He  is  to 
take  charge  of  the  Invalid  Artillery  Detachment  at  the  station  where  he  is  Master- 
Gunner,  and  to  consider  himself  in  every  respect  under  the  orders  of  the  Officer  of 
Artillery  commanding  in  the  district,  and  at  the  fort,  garrison,  or  post  where  he  is 
stationed,  furnishing  to  such  Officer  any  Returns  of  ordnance  and  stores  under  his 
charge  as  he,  the  Officer,  may  require.  Master-Gunners  are  amenable  to  military  law, 
and  subject  to  be  tried  by  courts-martial. 
Quarter.  This  designation  is  usually  applied  to  gunners  of  the  Invalid  Artillery,  who  are  de- 
tached singly  to  different  forts  and  castles,  to  assist  and  be  specially  under  the  orders 
of  the  Master-Gunners. 


*  The  Maater-Gunner  is  likewise  under  the  orders  of  the  Officer  of  Artillery  commanding  the 
district,  fort,  garrison,  or  post. 


To  qiulily  in  iadiTidual  to  receiTe  *  gunner's  wamnl,  he  miut  have  been  it  ttt 
■t  least  UTen  yean,  one  complete  year  of  nhicb  as  Guoaer'a  mate,  or  other  jwffy 
tfffieer  or  >ea[naa-BUoaer  in  Hei  Miije>t;'a  Navy ;  and  he  mait  produce  certificatei  of 
bU  lervitude  and  good  conduct ;  and  pax  luch  examaialion  ai  the  Admiralty  may 
fit>m  time  to  time  direct;  but  no  eandidale  ahall  be  examined  before  he  shall  hue 
attained  the  age  of  21  years,  nor  afur  (he  age  of  35. 

The  Extttumalion  0/  Naval  Guimerf  to  prove  his  being  in  all  respects  a  good  prac- 
tical seaman  ;  that  he  knows  the  use  and  service  of  the  great  ;inu;  that  be  knows 
the  proportion  of  powder  for  guns  of  every  description,  filling  cartridges,  and  the  ar- 
rangement in  the  magazine,  $hflb  aiid.^et,  and  how  to  Gil  musket  caitridgea ;  that 
he  can  write  sufficiently  well,  and  undentanda  the  use  of  figures. 

JUIative  rant  and  Command  of  a  Gtamer*  in  Her  Majesty's  Navy  is  first  on  the 
list  of  Warrant  Officers,  and  next  to  that  of  Officer,  and  follows  (hat  of  Master's  Mate 
in  asauming  the  command  of  a  ship. 

Gvmer'i  Mate  stands  fourth  in  the  list  of  petty  Officers  in  Her  Majesty's  Navy, 
and  must  be  confirmed  on  examination  in  gonneiy  on  board  the  ExcelleHt.f 

Gvnntri,  Stamen,  are  instmcted  in  the  theory  and  practice  of  gnnnery  and  gieat- 
gqn  eierdse  after  having  been  entered  in  Her  Majesty's  Service  for  five  years — they 
ate  qualified  on  board  the  ExceOenl,  and  are  borne  on  the  books  of  Her  Mqesty's 
ships  as  Seanen  Gvtmert,  for  which  they  have  additional  pay. 


GUNNERY,! — (See"PROjKCTiLis  ")— The  art  of  using  fire-arms;  but  the  twm  is 

'  commonly  UDderstood  as  being  restricted  to  tbe  jise,  or  application  to  the  purposes  of 
war,  of  the  larger  irieces  of  ordnance,  ai  canaon,  mortara,  and  howitzers.  In  its 
practical  branch,  Gunnery  includes  a  just  knowledge  of  the  construction  of  the  several 
pieces  of  artillery,  and  of  the  strength,  tenacity,  and  resisting  power  of  the  materials 
of  which  they  are  formed;  of  the  method  of  mounting  them  upon  strong,  efficient, 
well-proportioned,  and  conveniently  constructed  carriages  ;  of  the  proportions  due  to 
the  strength  of  the  powder  and  projectiles  they  should  carry ;  of  the  force  and  efftet, 
and  also  of  the  manufacture  of  gunpowder;  and,  generally,  of  all  such  mechanical 
arrangements  and  appliances  as  may  facilitate  the  movements  and  working  of  the 
guns,  etc..  when  prepared  for  nclion.      But  Gunnery  lakes  a  vet  far  more  e^tsnaivc 
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be  allowed  in  a  wtak  of  this  natnie ;  and,  for  the  like  leuoB,  it  would  be  itQl  lev 
possible  to  be  disenniye  upon  all  those  points  of  philosophy  whidi  an  embraeed 
within  the  vastly  extended  circle  of  the  Soenoe  of  Gunnery.  S<nne  obaerraftioiia 
however  upon  what  may  be  deemed  its  history,  or  the  progress  it  has  made  op  to  the 
present  time,  may  not  inaptly  here  be  given. 

Previous  to  the  invention  of  gunpowder,  mairhinea  for  thowing  stones,  speara, 
arrows,  and  burning  materials,  were  in  use  for  the  attack  and  defence  of  towns, 
fortresses,  and  ships ;  and  these,  which  had  at  an  early  period  assumed  the  name 
of  Artillery,  so  continued  until  the  thirteenth  century,  though,  the  smaller  pieoes 
of  artillery,  cross  and  long  bows,  were  retained  for  the  purposes  of  war  long  after- 
wards. All  those  implements  however  gave  place  to  hollow*  cylinders  of  wrought 
iron,  of  damsy  and  inconvenient  form  and  structure,  without  trunnions,  and  made 
to  load  at  the  breech,  from  which,  at  first,  masses  of  small  stones  and  balls  of  the 
same  material,  of,  in  many  cases,  prodigious  weight,  were  thrown  by  means  of  very 
imperfect  and  weak  gunpowder,  which  was  long  used  in  the  ungrained  stale.  And 
these  latter,  in  their  torn,  gave  place  to  the  more  modem  cannon  cast  in  bronse  and 
iron,  lighter,  and  much  more  easily  manageable,  from  which  iron  balls  of  smaller  site 
and  weight,  but  with  infinitely  greater  velocity  and  correctness,  were  thrown. 

Gunpowder  was,  as  before  noticed,  first  employed  in  the  ungcannlated  state ;  but 
when  the  danger,  inconvenience,  and  Iom  of  power  arising  from  its  being  used  in 
that  condition  became  apparent,  it  was  brought  into  the  form  of  grains,  at  first,  from 
the  difiSculty  and  slowness  of  the  operation,  and  the  comparatively  small  quantities  so 
manufactured,  to  be  used  with  small  arms  only ;  and  after  an  interval  of  many  years, 
when  the  process  of  granulating  was  rendered  more  easy  and  expeditious  by  improved 
mechanical  arrangements,  for  the  general  purposes  of  artillery. 

Long  after  the  invention  of  gunpowder.  Gunnery  appears  to  have  been  considered 
as  a  mere  practical  operation,  to  which  the  small  amount  of  general  sdenoe  then 
existing  was  in  no  way  directed ;  nor  does  it  appear  that  it  excited  the  attention 
of  philosophers  until  Nicholas  Tartaglia,  an  Italian  who  lived  in  the  sixteenth  century, 
attempted  to  bring  science  to  the  aid  of  the  art ;  though  little  advantage  was  derived 
from  his  labours  and  those  of  other  philosophers  of  that  period,  from  the  general 
crudeness  and  incorrectness  of  their  ideas  on  the  motion  of  projectiles,  and  the 
circumstance  of  the  theories  formed  by  them  never  having  been  brought  to  the  test 
of  experiment.  But  the  masculine  and  original  mind  of  Galileo  enabled  him  firmly 
to  grasp  the  subject,  and  he  it  was  who  first  attempted  to  resolve  it  into  a  science. 
He  applied  to  Gunnery  those  laws  observed  by  nature  in  the  production  and  compo- 
sition of  motion,  and  was  the  first  who  correctly  described  the  effect  of  gravity  on 
falling  bodies,  or  the  tendency  of  ponderous  masses  of  matter  to  descend  to  the  earth 
from  a  place  of  rest  above  its  surfsce;  and  on  those  principles  he  showed  that  the  course 
of  a  cannon-ball  fired  from  a  gun  would  be  in  the  curve  of  a  parabola,  unless  it  should 
be  diverted  therefrom  by  the  resistance  offered  to  it  by  the  atmosphere ;  but  he  was 
unable  to  determine  by  experiment  the  amount  of  that  resistance,  and  he  left  to  those 
who  might  follow  him  the  solution  of  that  most  important  problem. 

From  the  time  of  Galileo  to  that  of  Newton,  the  hints  thrown  out  by  the  former 
as  to  the  probable  retardation  of  a  projectile  from  atmospheric  resistance  were  neg- 


*  The  flrat  fire-armi  used  in  the  field  were  nude  to  loftd  from  the  chamber,  and  this  arrangement 
was  extended,  as  stated  in  the  text,  to  large  cannon  ;  b^t  either  anterior  to  or  coeral  iHth  Uie  cylin- 
drical cannon  was  the  ancient  bombarb  of  a  eonieal  form,  from  which  were  projected  large  stone 
shot.  The  term  bombarb  is  Tcry  andent,  having  been  used  anterior  to  tba  application  of  gunpowder 
to  projectiles. — Editon. 
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Itet«d,  or  rather  were  trholly  oreilooked ;  tnd  vrithout  Further  queition  or  eonuderft- 
tion,  it  wu  genenmjr  •uumed  thM  inch  reaistuce  would  produce  no  great  effect,  u 
the  extreme  mit;  of  the  lir  would  be  u  nothing  when  compared  with  the  ponderoua 
mMset  of  ebot  in  projection ;  ind  without  ittempting  uiy  eiperimeat  to  prove  the 
correctneu  of  their  views,  diiregarding  wholl;  the  expretsed  opinioD  of  Galileo,  thajr 
deemed  it  tn  establiihed  miiim  that  the  courae  of  projecCilea  waa  very  neulj  ia  the 
cnrre  of  t  parabola,  and  that  an;  departure  therefrom  wu  too  tiidiog  aod  inugni- 
fieant  to  be  attended  to  in  calculation. 

The  maater  mind  of  Newton  however  readily  delected  end  diiperaed  the  erron  of 
thoM  who  preceded  him :  he  ibowed  that  in  the  uaoal  high  velodtiea  of  military 
projectiles,  the  retiatance  of  the  air  iucieatea  nearly  as  the  aquaiea  of  their  velodtiei, 
and  proved  that  the  track  of  projectilea  paaiing  through  the  air  with  swift  motiooi, 
ncied  greatly  from  the  panbola. 

After  Newton'a  time,  nothing  further  wai  done  towards  the  establiahment  of  a 
joat  Theory  of  Projectiles  until  our  country  man,  Bei^amin  Robins,  demonstrftlcd 
dewly  that  the  resistant  of  the  air  to  bodiea  moving  in  it,  it  much  greater  than 
Oatilea  imagined,  and  that  it  could  not  be  Delected  as  an  opposing  power  in  Gunnery ; 
and  he  givea  three  different  cases  of  resistance  in  a  uniform  medium. 

lit.  WbcD  it  reaiata  in  the  ratio  of  the  velocity. 

2ndly.  When  it  renata  in  the  duplicate  ratio,  or  aa  the  square  of  the  velocity. 

3rdly.  When  it  reaiata  partly  in  the  ratio  and  partly  in  the  duplicate  ratio  of  the 

The  aeeond  caae  however  agreeing  more  nearly  to  that  which  takea  place  with 
military  projectiles,  is  alone  considered  in  calculations  in  Gunaery ;  and  he  further 
delerminea  the  proportion  between  the  times  of  ascent  and  descent  of  bodiei ;  but  it 
la  to  be  regretted  that  he  did  not  ascertain  the  path  which  a  body  would  describe 
nnder  the  inflnence  of  the  two  motion!.  After  Newlon,  the  labours  of  Bernouilli 
were  directed  to  the  same  point,  but  with  the  like  retutt,  as  the  only  knowledge  vre 
derive  from  them  ia,  (hat  all  rules  which  can  be  applied  are  insufficient,  and  that  the 
ever-varyli^  force  of  retiilance  prevents  our  obtaining  an  exact  solution  of  the  im- 
portant problem. 

Id  the  year  1742,  Hr.  Beqjamin  Robioa,  who  had  early  applied  himaelf  to  making 
experiments  in  Qunnery,  which  were  conducted  with  much  patience,  labour,  and 
ingenuity,  published  his  work  entitled  '  New   Frinciplea   of  Gunnery,'  wherein  lie 
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the  estimatioD  of  it  need  never  amonnt  to  its  500th  part,  and  this  withoat  any  ex- 
traordinary nicety  in  the  construction  of  the  machine." 

With  this  instmment,  **  if  the  weight  of  the  projectile  he  known,  and  likewise  the 
respective  distances  of  its  centre  of  gravity  and  its  centre  of  oscillation  from  its  axis 
of  sospension,  it  will  thence  be  known  what  motion  will  be  communicated  to  this 
pendulum  by  the  percussion  of  a  body  of  known  weight  moving  with  a  known  degree 
of  velocity,  and  striking  it  at  a  given  point ;  that  is,  if  the  pendulum  be  supposed  at 
rest  before  the  percussion,  it  will  be  known  what  vibration  it  ought  to  make  in  con- 
sequence of  such  a  determined  blow  ;  and  on  the  contrary,  if  the  pendulum,  being 
at  rest,  is  struck  by  a  body  of  a  known  weight,  and  the  vibration  which  the  pendulum 
makes  after  the  blow  is  known,  the  velocity  of  the  striking  body  may  thence  be  de- 
termined :  hence,  then,  if  a  bullet  of  a  known  weight  strike  the  pendulum,  and  the 
vibration  which  the  pendulum  makes  in  consequence  of  the  stroke  be  ascertained,  the 
velocity  with  which  the  ball  moved  is  thence  to  be  known."  The  rules  for  the  cal- 
culation of  which  may  be  seen  in  the  works  of  Robins,  Euler,  Antoni,  and  Hutton,  to 
which  we  refer  our  readers. 

By  the  machine  described,  Robins  made  many  experiments,  from  which  he  arrived 
at  most  important  conclusions ;  indeed,  by  its  means  he  determined  nearly  every, 
thing  relating  to  the  true  Theory  of  Projectiles  and  the  Practice  of  Artillery. 

It  may  be  well  here  to  note  that  the  material  fired  at,  a  block  of  wood,  was  subject 
to  much  destruction  from  being  used,  and  required  compensation  to  be  given  for  the 
addition  to  its  weight  by  the  shot  or  parts  of  shot  which  remained  in  it,  and  the 
pieces  or  wedges  of  wood  which  required  to  be  driven  into  the  centre  of  the  block  to 
produce  a  fair  surface  to  receive  the  succeeding  shot ;  but  in  consequence  of  the 
inconvenience  and  delay  arising  from  the  described  operation,  of  late  years  cones  of 
gun-metal  have  been  used,  which,  after  every  shot,  are  refilled  with  sand,  brought  to 
a  certain  degree  of  dryness  and  weight,  and,  in  order  that  it  may  be  more  effectually 
retained,  covered  over  with  a  thin  plate  of  lead.  This  arrangement,  for  which,  as  we 
understand,  we  are  indebted  to  Piobert,  an  Officer  of  Artillery  of  much  celebrity  and 
distinction  in  France,  would  probably  be  adopted  by  us  in  England,  in  the  event  of 
any  experiments  with  the  Balistic  pendulum  being  required  to  be  carried  on. 

To  the  learned  and  very  valuable  commentaries  of  Eulcr  upon  Robins's  publication, 
the  science  of  Gunnery  is  greatly  indebted ;  for  independently  of  the  original  views 
taken  of  the  subject,  the  new  theory  was  brought  thereby  more  generally  to  the 
notice  of  the  scientific  world,  and  greatly  enlarged  upon,  omissions  being  supplied  and 
corrections  added  where  considered  necessary.  Euler  also  attempted  the  investiga- 
tion of  the  nature  of  the  curves  of  projectiles,  and  formed  Tables  for  the  solution  of 
all  cases  which  occur  in  Gunnery,  but  unfortunately  the  calculations  resulting  from 
his  theories  have  but  little  accordance  with  practical  results.  Indeed,  his  description 
of  the  curve  in  which  a  projectile  moves  is  so  extremely  perplexed,  that  no  deduction, 
upon  either  philosophical  or  mechanical  principles,  can  be  made  from  it. 

The  laws  and  deductions  made  from  the  Balistic  experiments  by  Robins  and 
Hutton,  with  which  all  artillerymen  should  be  acquainted,  are  considered  as  little 
necessary  by  the  mere  practical  man,  who,  with  Tables  of  Ranges,  is,  it  must  be  ad- 
mitted, able  to  perform  with  effect  all  ordinary  service  that  maybe  required  of  him ; 
but  a  just  knowledge  of  the  principles  of  the  science  of  Gunnery  is  nevertheless  in- 
dispensable ;  for  without  such  knowledge,  important  points  of  construction  and  laws 
and  deductions  obtained  from  practice  are  lost  sight  of. 

We  have  endeavoured,  in  the  former  part  of  this  Paper,  to  show  how  various  are 
the  subjects  of  a  scientific  nature  which  have  reference  to  Gunnery ;  and,  without 
attempting  any  lengthened  elucidation,  we  sliall  be  satisfied  in  giving  a  brief  digest  of 
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■bMdat«)j  nMesnrr  to  be  held  in  rtmembmice  by  the 


what  atj  be  eontidei«d  ■ 
practical  Artillerymui. 

I.   THE   PHOPKRTIBH   OF   MA1TBK  TO    BE   CON8IDSHED   IN 
KEFXRENCE  TO  GUNNERY. 

fiuriui  il  thtt  property  of  mitter  by  which  it  will  renikin  tX  rest  ontil  put  into 
motion  by  the  tpplicatioa  of  force ;  or,  being  in  motion,  will  continne  in  motion  until 
(tt^ped  by  ui  oppoaing  force. 

Grantjt  i>  the  tendency  of  all  bodiea  towuda  tbe  centre  of  the  earth.  The  force 
of  graTity  is  in  the  ioTene  proportion  to  the  tqaare  of  the  body'i  diitance  &om  the 
centra  of  the  earth. 

Weighli  nfBodui  are  ai  their  qnantitiei  of  matter. 

^ecifle  Ormity  qfBodia  i>  theii  comparative  weighta  under  equal  bulk. 

Dttitity  ofBadiet  a  the  greater  or  leas  qnaotity  of  matter  contdned  in  the  same 
bulk.  In  common  parlance,  bodies  are  i^d  to  be  more  or  Icm  heavy  when  their 
denaity  it  greater  or  less. 

II.    HOTEHBNT  OF  BODIKI. 

AfiMiieitfiin  ijftt  Body  a  the  product  of  its  velodty  and  weight. 

Veloeity  q/'  a  Ball  is  the  measure  of  its  flight,  and  is  eatimtted  by  the  rate  per 
second  at  which  it  passes  through  the  air. 

Iti  Tuilial  Feloeity  ia  the  rate  at  which  it  quits  tbe  muzzle  of  the  gaa ;  but  this 
can  only  be  practically  ascertained  wlien  it  ha*  arrived  at  a  certaiu  )h»rt  distance 
from  tbe  gnit. 

Ita  Btpulnnj  Velocity  is  iU  velocity  when  it  strikes  the  object  aimed  at. 

It  is  impotaible  to  ascertain  velocitiea  with  perfect  euctnesa ;  but  a*  the  tcience  of 
Cnnnery  requires  that  those  piunts  should  be  ascertained  as  nearly  aa  poauble,  It  had 
long  been  tbe  object  of  philosophen  to  detennine  them,  or  to  make  as  near  an  ap- 
proiimBtioa  as  possible  to  the  truth ;  and,  at  vre  have  before  ibown,  (he  very  original 
oootriTanee  of  tbe  Balittic  peadulnm  by  Robins  has  removed  many  of  the  difficulties 
which  stood  in  the  way  of  perfect  succeu  in  this  matter. 

ni.  THE   PARABOLIC   THEORY. 
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actum  of  griTity  throngfa  spacet  propoftUnied  to  tiie  iquant  d  the  tunes.  Bodiei 
ftll  through  16  feet  nearly  in  the  lint  aeoond  of  time ;  and,  as  heftne  aaid,  the  spaces 
being  as  the  squares  of  the  times,  that  passed  through  at  the  end  of  the  aeeond 
second  will  be  64  feet ;  at  the  end  of  the  third,  144  feet ;  and  at  the  end  of  the 
fourth,  256  feet.    See  the  preceding  diagram  in  explanation. 

The  properties  of  the  parabolic  cunre  being  known,  it  was  supposed  to  be  easy  to 
calculate  the  flights  or  ranges  of  projectiles,  but  practice  disagrees  most  widely  with 
the  theory,  for  the  atmospheric  resistance  is  continually  retarding  theprcqectile ;  and 
the  parabolic  theory,  however  beautifid  in  itself,  is  practically  inapplicable  in  Gnnnery, 
and  is  only  useful  in  demonstrating,  by  comparison  with  results  in  practice,  the 
quantum  of  atmospheric  resistance. 

IV.    LAWS  AND   RXJLE8  OF  GUNNBRT  DEDUCED    FROM    EXPERIMENT 

AND   PRACTICE. 

The  atmosphere  presses  alike  upon  any  body  at  rest,  equally  and  in  erery  direction : 
if  a  ball  move  with  any  great  velocity  through  the  air,  the  air  in  front  Is  condensed, 
and  it  is  rarefied  or  forms  a  partial  vacuum  behind ;  hence,  not  being  in  equilibrio, 
being  pressed  upon  from  before,  it  meets  with  retardation  in  proportion  to  the  square 
of  its  velocity ;  and  not  until  the  velocity  is  reduced  to  about  1400  feet  per  second 
does  the  displaced  air  return  freely  to  fill  the  vacuum ;  but  1600  feet  is  the  maximum 
Telocity  that  should  be  given  to  a  projectile,  and  that  or  any  greater  velocity  is  sup- 
posed to  be  reduced  to  about  1400  in  passing  over  about  400  feet  of  space. 

By  the  Parabolic  Theory,  greater  or  less  bodies  of  equal  densities,  propeUed  with 
equal  velocities  and  elevations,  have  equal  ranges;  but  in  practice  it  Is  not  so:  the 
retardation  of  smsll  is  greater  than  of  larger  bodies,  because  the  resistance  being 
upon  the  surfaces,  is  as  the  extent  of  those  surfaces,  which  is  as  the  squares  of  their 
diameters ;  whilst  their  power  to  overcome  resistance  is  as  their  wdghts  or  the  cubes 
of  their  diameters :  hence  the  force  to  overcome  atmospheric  lesistanoe  increases 
faster  than  the  resistance  increases,  and  the  larger  is  less  opposed  than  the  smaller 
ball.  It  is  obvious  that  balls  of  greater  density  are  less  retarded  than  those  of  less 
density  of  the  same  diameter;  for  their  surfaces  being  equal,  the  resistance  to  them 
is  so  likewise ;  but  the  power  to  overcome  the  resistance  is  greater  in  the  denser 
body,  and  its  retardation  is  therefore  less. 

Solid  shot,  propelled  with  equal  velocities  and  elevations,  range  according  to  their 
weights ;  that  is,  the  heavier  ball  vrill  have  the  greatest  range :  hence  soUd  shot  out- 
range hollow  shot  when  of  the  like  diameter,  because  of  the  inequality  of  their 
weights. 

Shot  of  equal  weights  and  diameters,  propelled  with  dilRBrent  velocities,  vrill  range 
according  to  their  velocities,  but  not  in  direct  proportion  thereto,  for  the  retarding 
power  varies  as  the  squares  of  the  velocities. 

V. 

Velocities  of  shot  increase  with  the  charges  in  the  ratio  of  the  square  root  of  the 
charge  to  a  certain  point,  but  diminish  with  largdy  disproportioned  charges. 

Velocities  of  shot  from  guns  of  equal  weight,  vrith  equal  charges,  increase  in  a  ratio 
between  the  square  and  cube  roots  of  their  length,  to  a  certain  limitation  of  length. 

Velocities  of  shot  of  the  same  diameter,  but  of  different  weights,  are  inversely  as 
the  square  root  of  the  weights. 

Penetrations  of  shot  of  equal  diameter  are  as  the  square  root  of  the  charges. 
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A  law  bu  been  dedaced  from  eipcriment,  ahowing  ttut  the  lecuncr  of  bills,  or 

the  probabilit)'  of  their  hitting  at  diatuit  nages,  ii  as  the  squirei  of  their  diuneten. 

At  lOUO  yttdt  the  eB-paunder  shonld  tirike  l&i  titoea. 


It  G      It  X  3    nearlj. 

B;  Dr.  Hntton')  rule  Cor  ucertaining  the  remiining  velodties  of  shot,  we  b«ve  for 
the  3Z-poDnder,  with  an  initial  velocity  of  IGOO  feet  pei  second,  at  500  jards  from 
theguQ,  1126  i  at  1000  yard],  915;  at  1500  yards,  GOR  ;  at  2000  yards,  463  ;  and  at 
2500  yards,  3G7  ■■  with  these  as  data,  ne  have  ao  eaty  meana  of  ascertaining  the  re- 
maining Telocities  of  other  natures  of  ordnance. 


Ai  a  general  Uw  of  nature,  action  and  re-action  are  equal,  and  in  contrary  direc- 
lioni.  Id  gUDoery,  the  charge  of  gunpowder,  on  expansion,  acts  upon  the  gun  and 
shot  with  equal  power,  of  which  the  recoil  of  the  one  and  the  range  of  the  other  ut 
familiar  examples.— But  to  explain,  tbe  elastic  fluid  generated  on  combustion  is  re- 
acted npon  by  the  shot,  and  (he  gun  is  forced  (o  recoil  with  considerable  momentum  ; 
but  with  a  gnn  light  in  proportion  10  the  weight  of  its  projectile,  the  velocity  of  its 
recoil  increases,  and  is  violent  in  proponion  to  its  lightnesB. 

The  momentuin  of  a  gun  in  its  recoil  is  of  easy  calculation,  momentum  being  the 
product  of  weight  into  velocity. 

The  common  charge  of  a  24-pounder  gun  of  one-third  the  weight  of  its  shot  gives, 
•a;  IGOO  feet  per  second  of  initial  velocity : 

IGOO  K  24  "38,400,  the  momenlum  of  gnn  and  shot ; 

38,400  niomentnm  by  , ,  „  j  , 

■ -■■„  •  or^ — r-r — i -. — - — J-  — 7  feet  per  second,  near  y ; 

5600  weight  of  gun  in  pounds,  "^  ' 

with  a  lighter  gun,  of  3580  tbs.,  the  velocity  of  recoil  will  be  10]  feet  per  second. 

These  calculations  are  made  without  reference  to  the  weight  of  the  carriage,  which 
thonld  be  added  to  that  of  the  gun  in  all  calcnlations  for  recoil. 
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of  ito  decompotitioii  when  compared  with  those  mtteriib,  radi  as  falmfaathig  gold, 
silfer,  or  mercury,  etc.  etc  In  Gonpowder,  the  force  resolthig  from  the  rapid  eroUi- 
tion  of  gas  in  a  confined  space  has  sofficient  time  to  OTcrcome  the  inertia  of  the  pro- 
jectile, which  is  not  the  case  with  other  explouTc  materials,  the  conTersion  of  which 
into  gaseous  products  is  so  instantaneous  that  nothing  can  resist  the  intensity  of  thehr 
explosive  action.  Other  advantages  suggest  themselves  in  the  use  of  Gunpowder, 
such  as  the  comparative  cheapness  of  the  ingredients  composing  it,  and  the  ease  with 
which  they  may  be  obtained ;  for  the  sulphur  and  saltpetre  are  very  abundant  pro- 
ductions of  nature,  and  the  charcoal  can  be  manuftctured  cheaply  and  with  great 
fiieilityf  and  if  care  is  taken  in  the  process  of  the  fabrication  of  powder,  little  de- 
terioration will  take  place  on  its  exposure  to  heat  or  moisture. 

Condensed  air  and  steam  have  been  used  as  propelling  agents ;  but  the  great  in- 
conveniences attending  their  use  quite  preclude  the  possibility  of  adapting  them  to 
war  purposes. 

By  long  experience  and  practice,  it  is  found  that  the  powder  best  adapted  for  the 
use  of  Artillery  and  Infantry  is  composed  of  the  following  proportions  of  the  three 
ingredients,  viz.  75  nitre,  15  charcoal,  and  10  sulphur,  in  100  parts,  which  proportion 
is  closely  adhered  to  in  this  country.  The  proportions  indicated  by  theory  for  the 
production  of  powder  of  the  greatest  intensity  would  be  more  nearly  represented  by 
the  proportions,  75  nitre,  12*5  sulphur,  and  12*5  charcoal;  these  proportions  are 
adopted  in  some  Continental  manufactories.  Experience  has  however  established 
real  advantages  as  resulting  from  the  employment  of  a  somewhat  larger  proportion  of 
charcoal  (15  parts),  and  a  reduction  of  the  sulphur  from  12-5  to  10. 

Blasting  powder  contains  a  greater  proportion  of  charcoal,  and  less  saltpetre ;  its 
action,  consequently,  is  much  slower,  which  makes  it  more  efficacious  than  Gunpowder 
for  this  particular  use,  at  a  great  reduction  in  price. 

PURITY    OF   INGREDIENTS. 

The  greatest  care  is  requisite  in  the  purification  of  the  ingrcSiients  composing  Gun- 
powder. A  short  description  of  the  dififerent  processes  by  which  we  arrive  at  this 
result  may  not  l>e  uninteresting. 

SALTPETRE,   OR   NITRE, 

The  principal  ingredient  in  Gunpowder,  is  an  abundant  production  of  nature,  and 
is  a  combination  of  nitric  acid  with  the  vegetable  alkali ;  it  is  never  found  pure, 
being  always  contaminated  with  other  salts  and  earthy  matter ;  it  is  principally  found 
in  the  East  Indies,  Ceylon,  and  South  America,  and  is  sometimes  produced  from  de- 
cayed animal  and  vegetable  matter ;  it  is  totally  unfit  for  gunpowder  until  it  has  been 
refined ;  for,  being  combined  with  muriates  of  soda,  lime,  magnesia,  and  other  salts 
which  absorb  moisture,  the  close  contact  of  the  ingredients  would  be  deranged  by 
their  presence,  the  strength  of  the  powder  weakened,  and  the  power  of  resisting  the 
action  of  the  atmosphere  greatly  lessened.  As  for  the  efflorescent  salts  it  may  con- 
tain, they  are  noxious  only  inasmuch  as,  possessing  no  particular  useful  property, 
they  interpose  their  atoms  between  the  more  combustible  ingredients,  and  impede  the 
rapidity  of  deflagration. 

There  are  two  methods  of  refining  saltpetre  at  Waltham  Abbey : — 1,  the  Old  Me- 
thod, of  re-crystallizing  three  times ;  and  2,  the  New  Method,  which  has  only  just 
been  adopted,  both  of  which  we  shall  here  briefly  describe. 

OLD   METHOD. 

About  35  cwt.  of  the  grough  saltpetre,  as  it  is  termed,  viz.  as  it  is  imported  in  its 
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Mifiw*  MM«,  m  fU  lalo  t  copper  capable  of  holding  500  gtUoni,  with  270  gilloni 
i4  wMw.  ta  iW  (ntfMtion  of  about  1^  lb.  of  nitre  to  1  lb.  of  water  (vhicb  proportion 
««raM  «n)i  Ih*  ^mUIjt  of  the  laltpetre),  thu  i*  allowed  to  boil,  and  tlie  imporitiea 
M«  (LmmmmI  MTu  Ibqr  ^ipear  on  the  surface;  cold  water  ia  occaiiooallj  thrown  in 
h>  MN4(*W*  iMtttlou  of  the  chloride,  which  otherwiie  would  lemain  on  the  top  bj 
Ik*  W'UMt  irf  boiling  I  bAct  being  allowed  to  boil  from  three  and  a  half  to  four  boon, 
IW  tM«*««  tloon  are  thrown  open,  when  the  chloridei  and  aaltt  fill  to  Ibe  bottom. 
lit  ahwil  two  houn,  a  copper  pump  ia  lowered  into  the  Uqnor,  which  ii  pumped  out 
Wlk>  *  wtioilen  trough,  haiing  four  or  Stb  braw  cock),  under  which  are  loipended 
MH4M  Hlterlng  bagi  in  the  shape  of  a  V ;  tbeiolution  ii  then  filtered  and  run  off  into 
fiLin  ountalning  about  36  galloni,  and  allowed  to  remain  for  twenty-four  houn,  to 
rrj'dalllae,  when  tbej  are  let  up  on  edge,  to  drain  off  the  Uquor  which  remaini  nn- 
orratallited,  and  which  is  celled  mother  liquor.  Tbe  saltpetre  thus  obtained  ii  called 
onoe-reflned,  and  nudei^oei  the  same  process  twice  agaic,  the  only  difference  being 
that  there  ii  a  greater  proportion  to  the  water  each  lime,  vis.  1|  lb.  to  1  lb.  of  water 
the  second  time,  and  2  lb.  to  1  lb.  of  water  the  third  time :  moreover,  the  third  time, 
a  imall  quantity  of  ground  charcoal  is  put  into  tbe  solution,  and  it  passes  throngk 
double  fllten,  which  brings  it  to  a  tbi;  Gne  pure  white  colour  when  melted.  The 
mother  water  which  remains  in  tbe  pans  after  each  cryitallisation  is  conieyed  awa; 
by  gutters  to  cistemi  under  tbe  building,  it  is  then  evaporated  in  iron  pot)  to  one 
qtiarter  of  its  original  bulk,  filtered,  and  allowed  to  cryitalliie.  The  saltpetre  ob- 
tained from  the  Unt  mother  water  is  considered  one  stage  inferior  to  grougb ;  that 
ft'Om  the  second,  equal  to  grough ;  that  from  the  treble-refined,  equal  to  once-refined 
saltpetre.  The  water  left  &om  every  stage  is  treated  in  the  same  way,  so  that 
ictuallj  nothing  it  lost  of  the  pure  material.  Saltpetre  treble-refined  by  this  process 
i«  perfectly  pure,  and  Gt  for  the  manufacture  of  Gunpowder ;  and  in  order  to  free  it 
from  moisture,  as  well  as  for  the  convenience  of  storage  and  traasprirt.  it  is  melted 
in  iron  pots  holding  about  four  cwt  by  railing  it  to  a  temperature  of  COa°  Fahrenheit, 
and  cast  Into  gun.metal  circular  moulds  holding  about  38  Iba,  each.  It  must  be  ob- 
served that  it  requires  about  two  hours  to  bring  tbe  saltpetre  into  a  liquid  slate,  and 
that,  after  this,  tbe  foraace  doors  are  thrown  open,  to  lower  the  heat  to  the  proper 
temperature  for  casting  into  tbe  moulds.  When  tbe  cakes  are  cold,  they  are  packed 
away  in  barrele  containing  1  cwt.  1  qr.  each,  and  pnt  into  store.  Care  must  be  taken. 
Id  melting  tbe  saltpetre,  not  to  raise  it  to  too  high  a  temperature,  as  this  would  re- 
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▼ery  minote  cryttali  are  formed,  whidi  ire  collected  as  they  form  by  a  wooden  hoe, 
and  thoTelled  with  a  spade  on  to  a  frameworit  oorered  witii  copper  sieflng  lestiag 
on  the  opposite  sides  of  the  trough,  and  allowed  to  drain;  these  fine  white  ayitals, 
which  have  exactly  the  appearance  of  snow,  when  they  haYC  drained  sdBeieBtiy,  are 
laked  o? er  into  a  washing  cistem  a^loining,  which  is  abont  6  foet  long,  4  foet  wide, 
and  3  feet  6  inches  deep,  and  fitted  with  a  folse  wooden  bottom  that  can  be  lemofed 
at  pleasure.  Cold  water  is  allowed  to  mn  on  to  the  saltpetre  in  this  cistem  till  it  is 
■early  le^l  with  the  top ;  after  remaining  for  an  hour,  it  is  drained  off,  and  filled 
again  with  fresh  water,  which  is  drained  off  after  abont  another  hour  i  the  salt- 
petre thul  obtained  is  perfectly  pore,  and  equal  in  every  respect  to  the  ti^le^refined 
by  the  Old  Method.  The  water  remaining  in  the  dstems  after  agitation  is  left  till 
the  next  morning,  when  a  quantity  of  larger  crystals  are  formed  on  the  bottom  and 
aides ;  these  are  equal  to  once-refined  by  the  Old  Method,  and  are  used  with  grough; 
the  mother-liqaor  is  then  drained  off,  and  erapoiated  in  the  usual  way:  the  water 
from  each  washing  is  conveyed  into  dstems,  and  used  with  grough  saltpetre  instead 
of  water ;  but,  as  it  contains  a  small  portion  of  saltpetre  in  solution,  a  lesser  quantity 
of  grough  is  used  to  make  the  proportions  correct. 

Drymg, — The  saltpetre  flour  howerer  contains  a  certain  degree  of  moisture,  wliich 
lias  to  be  dried  off  in  the  following  way :  two  large  copper  trays,  about  10  fbet  by  6 
foet,  with  a  3-inch  rim,  are  fixed  over  floes  heated  by  a  furnace,  4  indies  of  sand  being 
between  the  flues  and  the  bottom  of  the  treys :  the  saltpetre  is  spread  about  2  inches 
deep  all  over,  and  raked  about  till  dry ;  it  is  then  barrdled  up  for  use.  It  takes  about 
two  houn  to  dry  5  cwt. 

On  comparing  the  two  systems,  there  cannot  for  one  moment  be  a  doubt  as  to  the 
immense  advantages  of  the  latter  over  the  former.  As  an  example,  in  the  refinery  where 
this  new  process  is  carried  on,  the  result  (that  is  to  say,  pure  saltpetre)  is  obtained  in 
one  day  instead  of  six,  with  less  than  one-half  the  amount  of  labour  and  coals.  The 
extraordinary  saving  in  the  expense  of  apparatus  will  be  seen  by  perusing  the  follow- 
ing table : — 

To  produce  23  Cwt.  a  Day, 


OLD    METHOD. 

Crystallizing  pans,  36  gallons  i 

(copper) I 

Coppers,  500  gallons     ....  3 

Evaporating  pots 4 

Meltiug  pots 4 

Moulds,  gun-metal 20 

Filtering  appsretus,  sets     ...  2 

Pumps,  copper 6 
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Crystallizing  pans 50 


Coppers,  500  gallons 
Evaporating  pots 

<''**«°*    {wiS^n' 
Drying  trays  .    .    . 
Filtering  apparatus,  set 
Pumps,  copper     .    . 


1 
2 
2 
1 
2 
1 
2 


In  addition  to  this,  there  is  ample  room  in  the  present  building  to  erect  two  more 
sets  of  apparatus,  which  would  then  refine  69  cwt.  in  a  day,  against  23  cwt.  by  the 
old  process. 

On  reflection,  the  reason  of  the  great  gain  of  time  by  this  process  will  suggest  it- 
sdf ;  in  the  former  method,  when  allowed  to  remain  quiet,  the  crystals  formed  are 
very  large,  and  the  spaces  left  in  them  always  contain  a  certain  amount  of  mother 
water,  which  necessitates  its  being  crystallized  three  times  to  perfectly  free  it  from 
this  liquor :  in  the  latter,  the  crystals  are  so  minute  that  there  is  practically  no  space 
for  the  mother- water  to  collect ;  consequently,  by  carefrd  washing,  the  saltpetre  is 
obtained  perfectly  pure. 
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Chircoil  ia  the  next  moit  important  ingredieat  in  Gnapowdcr;  it  ii  vegetable 
mxtter  chuged  from  iti  originil  nMore  bf  i,  cbemiciJ  proem,  bj  which  it  becoioei 
■pplioble  to  ■  Bpecial  purpote.  Wood  charcoil  ii  the  voody  fihre  thtt  remiini  lAer 
the  liquid  uid  more  loUtile  ptrti  hue  been  driven  off  bj  the  fire  in  the  proceu  o( 
charring ;  the  lempenlore  reiulting  from  the  cambaitian  of  charcoal  is  much  higbei 
tbtn  (hat  from  buraing  wood,  in  consequence  of  the  abtence  of  the  Urge  quantity 
of  water  which  wocmI  contains,  amounting  to  between  50  and  GO  per  cent,  i  the  ob- 
ject, therefore,  of  charring  wood  is  the  remoTal  of  moiitnre,  and  also,  what  fs  of  great 
importance,  the  expullion  of  those  matter  eontaioed  in  it  which  become  Tolalile  be- 
fore ther  are  bamed,  thni  rendering  a  large  amount  of  beat  latent.  The  wood* 
generally  nied  in  this  c;ountr7  in  making  charcoal  for  Gunpowder  ere,  the  alder, 
willow,  and  dogwood.  Other  woods  are  tometimea  used  b;  English  «nd  foreign 
loanafactDrerB,  but  none  produce  a  powder  of  inch  qualit;  ai  obtained  A-om  the  abore. 
It  Is  niuallf  considered  that  better  charcoal  is  distilled  when  the  wood  is  allowed  to 
season  for  a  time;  but  recent  experience  has  ahuwa  that  wood  onlj  latei;  cut  and 
peeled,  after  being  desiccated  in  a  hot  chamber,  will  make  equally  good  charcoal  with 
that  which  hu  been  seasoning  for  three  or  four  yesir*. 

AH  the  wood  which  is  cut  in  the  GoTemment  grannds,  or  purchased  from  mer- 
chants, is  atripped  of  the  bark,  on  accaunt  of  its  being  impregnated  with  salts  and 
gummy  snbstances,  cut  into  lengths  of  3  feet  for  the  conTenience  of  loading  the  iron 
slips,  which  are  a  little  aboie  this  len^h,  and  stacked  in  the  wood-yard.  It  is  paid 
for  by  the  eord,  which  is  U  feet  long,  3  feet  wide,  and  3  feet  high,  containing  126 
cubic  feet.    The  method  of  charring  is  performed  in  the  fallowing  wsy : — 

Cylindtr  ChareoaL — Cylindrical  cases  of  the  required  size,  fitted  with  lids,  are  filled 
with  wood ;  these  cues  are  made  to  fit  easily,  snd  slide  horizontally  into  iron  retort* 
built  in  the  wall,  which  admit  of  accurate  regulation  of  heat  (communicated  to  them 
by  furnaces  underneath)  throughout  the  operation  of  charring ;  a  great  uiing  of 
time  and  heat  is  effteted  by  their  use,  ai  when  the  wood  has  been  properly  charred, 
the  case  or  slip  containing  it  may  be  easily  withdrawn,  and  another  containing  a 
fresh  charge  at  once  introduced  into  the  retort,  without  sllowing  the  latter  to  cool 
down,  u  would  otherwise  be  necessary.  When  it  has  been  sufficiently  charred 
(which  is  known  by  esperience,  in  watching  the  burning  of  the  gas  that  is  produced 
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Urly  recommend  it  for  the  manufacture  of  Gunpowder ;  I  have  howerer  tried  every 
experiment  on  this  point,  and  find  no  difference  between  it  and  carefnlly-pidLed  small 
alder  or  willow — the  strength  and  cleanness  of  the  powder  arising  more  from  perfect 
incorporation,  purity  of  the  ingredients,  and  proper  distillation  of  the  charcoal  than 
from  any  other  cause.  Charcoal  is  very  porous,  and  absorbs  very  greedOy  gases  and 
moisture  from  the  atmosphere ;  no  large  store  therefore  is  ever  kept,  and  particular 
care  is  taken  to  prepare  it  only  in  proportion  as  it  is  required  for  use.  Before  being 
used  for  gunpowder,  it  should  be  carefully  picked  over,  as  portions  of  dense  coal  are 
sometimes  formed  by  the  trickling  down  of  tar  which  has  condensed  on  the  top  of 
the  retort.  To  ascertain  if  charcoal  contains  alkali,  powder  a  small  portion,  add  some 
distilled  water,  boil  and  filter  the  solution,  apply  litmus-paper  that  has  been  reddened 
by  any  weak  add,  and,  if  it  contains  alkali,  the  original  colour  will  be  wholly  or 
partially  restored. 

Pit  charcoal,  which  is  used  for  pyrotechnic  compositions,  and  also  as  an  ingredient 
in  pit  powder,*  is  burned  in  the  following  way  : — ^from  three  to  four  cords  of  wood  are 
built  up  in  a  circular  mound  about  ten  feet  in  diameter  and  five  feet  high,  having  a 
hole  left  in  the  centre,  which  acts  as  a  chimney ;  this  mound  of  wood  is  then  covered 
with  stubble  or  straw,  about  three  or  four  inches  deep,  and  over  this  a  layer  of 
charcoal-dust  or  sand,  about  the  same  thickness ;  some  lighted  charcoal  is  put  down 
the  chimney,  which  is  then  closed  up,  and  the  process  of  charring  commences;  a 
shifting  screen  is  always  placed  to  windward,  to  regulate  the  draught,  and  small 
holes  are  left  at  intervals,  to  allow  the  escape  of  the  vapour ;  after  three  days  and 
nights  the  operation  is  complete.  The  charcoal  thus  produced  contains  more  of  the 
woody  fibre,  and  bums  slower  than  that  made  in  cylinders ;  it  consequently  is  heavier, 
has  a  very  slight  reddish  tinge,  a  more  metallic  sound  when  dropped,  and  breaks  with 
greater  difficulty.  Great  attention  and  experience  are  required  in  burning  this  char- 
coal, in  consequence  of  which,  men  from  the  forests  are  generally  employed  who  are 
charcoal-burners  by  trade. 

SULPHUR. 

This  combustible  elementary  body  is  found  generally  in  great  quantities  in  the 
neighbourhood  of  volcanoes ;  it  is  also  obtainable  from  metallic  ores,  and  readily 
fuzes.  At  170°  Fahrenheit  it  begins  to  evaporate ;  at  185°  to  190*"  it  melts ;  at  220'' 
it  is  perfectly  fluid ;  and  at  600°  it  sublimes.  Sulphur  is  purified  simply  by  melting : 
that  which  is  supplied  to  Waltham  Abbey  has  been  once  refined,  and  the  foUowing 
is  a  description  of  the  apparatus  and  method  for  purifying  and  rendering  it  fit  as  an 
ingredient  in  Gunpowder.  A  large  iron  pot  is  set  about  three  feet  off  the  ground,  or 
about  the  height  that  an  ordinary  boiling  copper  is  placed,  having  a  furnace  under- 
neath. This  pot  has  a  movable  lid,  which  is  fixed  into  the  top  of  the  pot  with  clay, 
and  in  which  lid  is  an  iron  conical  plug  that  can  be  removed  at  pleasure ;  from  the 
pot  lead  two  pipes,  one  to  a  large  circular  dome,  and  another  to  an  iron  retort  rather 
below  its  level ;  the  last-mentioned  pipe  has  a  casing  or  jacket  round  it,  which  can 
be  filled  with  cold  water ;  the  communication  of  these  pipes  with  the  melting  pot  can 
be  shut  off  or  opened,  as  occasion  requires,  by  a  mechanical  arrangement.  About 
5 1  to  6  cwt.  of  the  once-refined  sulphur  is  broken  up  into  small  pieces,  placed  in  the 
iron  melting  pot,  and  subjected  to  the  action  of  the  furnace :  the  plug  in  the  lid  and 
the  pipe  leading  to  the  dome  are  now  left  ojien,  but  the  pipe  to  the  retort  closed ; 
after  from  two  to  three  hours  a  pale  yellow  vapour  rises,  when  the  plug  is  put  in,  and 


*  Pit  powder  is  an  inj^dient  in  fuze  compoaition ;  it  is  preferred  for  this  puipoae,  from  the  foiet 
being  slower  and  more  regular  in  burning  than  if  made  with  common  meal  powder. 
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the  vapour  conducted  into  the  dome,  where  it  condemei  in  the  form  of  in  impaliMlile 
powder,  commonly  oiled  llawen  of  nilpbiir :  •  tmtll  pipe  leidi  from  the  bottom  o< 
the  dome  on  the  opposite  ride  into  water,  to  allow  the  empe  of -the  air,  tad  lalpbnrie 
add  ii  taken  up  b;  thia  water.  In  about  one  and  a  half  to  two  honn  after,  the  vapooT 
become*  of  a  deep  iodine-colour,  when  the  communication  with  the  dome  it  ihut,  and 
Uie  one  to  the  retort  opened;  at  the  lametime,  coM  water  from  atankaboveiaallewed 
to  paaa  into  the  jacket  we  have  before  mentioned  inrrounding  thia  pipe ;  the  Tapoor 
then  ditljla  over,  li  condenied  in  the  pipe,  and  runa  into  the  retort  below  In  thg  fom 
of  •  thick  yellow  fluid.  When  nearly  all  hu  diatilled,  which  can  be  known  by  the 
Jacket  getting  cold,  the  commanication  'u  again  doted  with  the  retort,  and  the  Siud 
anlphni  left  an  hoar,  to  get  luffidently  cool  to  ladle  out  into  monldi,  the  Atmace  door 
and  the  commnnication  with  the  dome  at  the  >ame  time  are  again  thrown  open,  that 
the  rest  of  the  lapour  may  paaa  into  the  tatter ;  the  flowen  of  anlphnr  thna  obUuned 
an  used  for  laboratory  purposcB,  being  unfit  for  the  mtuiofactore  of  Gunpowder,  from 
Hie  acid  they  contain,  and  the  crystaliine  aulphur,  after  being  allowed  to  cool  in  the 
mould),  it  barrelled  np  and  naed  aa  the  third  ingredient  in  Gunpowder.  To  aacertain 
the  pnrity  of  lolphnr,  if  a  amalt  portion  ia  burned  od  a  [ueee  of  porcelain,  no  reaidne 
ahould  be  left ;  alao,  if  it  ia  treated  with  diatilled  water,  litmiu-paper  ihonld  not  he 
diicoloored. 

HaTing  explained  in  a  condae  manner,  which  ii  all  that  ia  neceuary  in  the  present 
Fapert.  the  method  of  production  and  purification  of  the  ingredients,  the  next  thing 
to  he  conaidered  ia,  thdr  Ikbrication  into  Gunpowder. 

PITLVBRIZING  THE   INGREDIENTS. 

The  three  ingredienta  are  now  ground  separately  to  a  Tcry  fine  powder:  the  milti 
which  effect  this  and  ineorpoiale  are  to  aimilar,  that  a  deacriptiou  will  be  given 
nnder  the  head  of  "  Incorporation."  After  bdng  ground  in  tbi>  way,  the  saltpetre  is 
passed  through  a  atope  cylindrical  reel,  covered  with  copper  lieTing  wire  of  60  meahes 
to  the  inch,  which,  as  it  revolTca,  sifts  it  to  the  required  fineness,  being  then  received 
in  a  box  or  bin  underneath  :  the  charcoal  and  sulphur  are  likewise  paiaed  through 
^milar  reels  of  32-  and  60-mesh  wire  respectivdy,  and  that  which  rcmaina  without 
pasting  through,  ia  ground  again  under  the  nmnen.  A  very  excellent  machine  has 
been  invented  by  Mr  Hall,  the  engineer  of  Dartford,  for  grinding  charcoal,  which 
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eoDBifti  of  a  cylindrical  gun-metal  or  copper  drum,  about  two  fset  in  diimeter,  with 
an  axle  pasaing  throngb  its  centre,  on  which  there  are  metal  flyers,  like  forks :  the 
machinery  is  so  arranged  that  the  flyers  and  dram  rcTolve  in  opposite  directions 
when  in  motion,  at  a  rate  of  about  one  hundred  revolutions  per  minute :  five  minutes 
is  snflkient  for  a  thorough  mixture ;  the  composition  is  then  drawn  off  by  a  slip  into 
canTas  bsgs  the  proper  size  to  hold  the  42-lb.  charges,  which  are  tightly  tied,  and 
taken  to  small  magazines.  These  are  called  green  charges,  and  are  now  ready  for  the 
next  process,  incorporation. 

WBT  MIXING. 

A  plan  has  been  patented  by  Mr.  Drayson,  of  Maresfield,  Sussex,  for  mixing  the 
ingredients  wet,  in  the  following  way : — The  proportion  of  saltpetre  a  put  into  a  pot 
with  about  twelve  pints  of  distilled  water,  and  brought  to  the  boil  either  by  steam  or 
an  arrangement  of  flues,  it  becomes  then  a  solution  of  saltpetre ;  the  charcoal  and 
sulphur  are  next  added,  and  the  whole  mixed  together,  so  as  to  form  a  stiff  paste ;  it 
is  then  turned  out  into  bags,  and  goes  through  the  ordinary  process  of  manufiicture ; 
the  charcoal,  by  this  means,  appears  actually  to  imbibe  the  saltpetre,  and  the  mixture 
must  be  far  more  intimate  than  by  the  former  method.  Should  a  quick  and  safe 
arrangement  be  matured  which  will  enable  this  plan  to  be  carried  out,  it  will  add 
greatly  to  the  capability  of  an  establishment,  as,  from  experiment  on  a  small  scale,  it 
has  been  fully  proved  that  the  ingredients  mixed  m  this  way  require  only  half  the 
time  of  incorporation,  and  produce  a  powder  as  strong  and  good  in  every  respect  as 
by  the  present  process. 

THE    INCORPORATING   MILI.. 

The  Incorporating  Mill  consists  of  an  iron  or  stone  circular  flat  bed,  about  seven 
feet  in  diameter,  fixed  very  firmly  in  the  floor  of  the  building  which  covers  it,  whereon 
two  iron  or  stone  cylindrical  runners  from  five  to  seven  feet  in  diameter,  fourteen  to 
eighteen  inches  wide,  and  each  weighing  from  3  to  4|  tons,  revolve ;  they  have  a 
common  axle,  and  a  vertical  shaft  passing  through  the  centre  of  the  bed  is  con- 
nected with  this  axle,  and  to  machinery  above  or  below,  which  communicates  the 
motion.  These  runners  are  not  equidistant  from  the  centre,  by  which  arrangement 
in  their  revolution  every  part  of  the  composition  on  the  bed  is  subjected  to  their 
action,  which  is  threefold,  viz.  crushing,  grinding,  and  mixing ;  crushing,  from  the 
weight  of  the  cylinders ;  grinding,  from  the  twisting  motion  which  they  are  forced 
into  from  so  large  a  diameter  revolving  in  so  small  a  circle ;  and  mixing,  from  a  com- 
bination of  the  two  former  motions.  To  prevent  the  (rawder  from  falling  over  the 
side  of  the  bed,  a  wooden  rim,  about  two  feet  in  height,  is  placed  at  an  angle  of  forty- 
five  degrees  with  it,  like  the  side  of  a  funnel,  and  fitted  closely  all  round  its  circum- 
ference: this  is  called  the  "  curb ;"  and  in  the  centre  of  the  bed,  a  gun-metal  ring,  or 
"  cheese,"  as  it  is  termed,  about  two  feet  in  diameter,  and  five  inches  high,  concentric 
with  the  bed,  prevents  the  powder  working  beyond  in  that  direction  :  moreover,  two 
scrapers,  or  "  ploughs,"  connected  by  stays  with  the  horizontal  axle,  revolve  vrith  the 
runners,  one  rubbing  against  the  inner,  and  the  other  the  outer  circle ;  these  ploughs 
are  made  of  hard  wood,  shod  with  leather  and  felt,  and  their  use  is  continually  to 
disturb  and  rout  about  the  composition,  and  keep  it  under  the  path  of  the  runners, 

additional  safety  in  the  manufacture;  for  I  am  convinced  that  nine-tenth*  of  the  explotiont 
which  occur  in  this  process  proceed  from  there  not  being  sufScient  composition  on  the  mill,  whereby 
the  surfaces  of  the  runners  and  beds  occasionally  come  in  contact  with  each  other,  causing  immense 
friction;  there  are  many  opinions  as  to  the  cause  of  these  explosions  in  this  particular  stage  of 
manufacture ;  no  reason  I  have  ever  heard  accounts  for  them  so  satisfactorily,  or  points  so  clearly  to 
the  remedy. 
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M  that  eiery  put  ihonld  get  iti  bIutc  of  incorpoiBtion.  The  honset  or  at>ed»  whkfa 
eoT«r  tbcK  bnildiiigi  hiTC  hitherto  been  coiutnKted  of  wood,  with  eitber  eoirapMd 
iron  or  wooden  toofiag.  Tbe  ntw  ineorportting  oiillt  in  thi«  bctorr,  vbicb  ve  jwt 
completed,  tre  built  vnth  three  tidei  of  Mrong  three-fool  brickwork,  uid  the  footth 
tide  uid  roof  of  corragated  iron  and  glass ;  thej  are  alio  placed  in  a  line  contigiuHU 
to  each  other,  the  alternate  ones  only  facing  the  ume  wa;,  >o  that  an  eiploaion  from 
one^nonld  probablj  communicate  no  farther,  and  the  lighter  part)  of  the  bmlding 
would  blow  awaj,  leaiing  the  rest  entire.  Moat  of  the  machinerj'  in  the  fiictorr  ia 
driven  by  water-oheels ;  the  motiie  power  of  these  mills  is  steam*  A  horizontal  shaft 
worked  by  the  engine  passes  underneath  the  entire  length  of  tbe  building  in  •  caal- 
iroD  tanlc,  and  •  bevel  wheel  on  this  shaft  is  geared  into  another  one  on  the  verticil 
shaft  under  the  centre  of  each  bed,  which,  communicating  with  tbe  mnnert,  givea 
'  tbe  neceuarr  motion.  A  very  perfect  arraogement  is  made,  hjr  which  each  pair  of 
nmners  ma;  be  slopped  or  set  in  motion  indcpendenll;  of  the  others,  and  without 
an;  sudden  or  jerking  moveuient,  which  would  be  hkely  to  cause  eiplodons ;  it  ii 
managed  in  tbe  following  way  :— 

An  iron  dram  is  cail  in  one  with  the  bevel  wheel,  which  a  loose  on  the  horizontal 
shaft ;  two  segments,  edged  with  copper,  are  keyed  on  to  this  shaft,  which  are  made 
to  expand  or  contract  at  pleaanre  inside  this  drum,  by  the  action  of  a  lever.  Tbeia 
tegmenta  being  keyed  to  the  ihsft,  always  revolve  with  it,  and  when  made  to  expand 
into  the  drum,  the  friction  imparls  the  same  motion  to  the  bevel  wheel,  and  conse- 
quently to  the  vertical  shaft  in  connection  with  the  runners. 

In  order,  as  much  as  posBihle,  to  guard  gainst  any  eiplosion  spreading,  above 
each  bed,  placed  so  as  just  to  clear  the  runners,  is  suspended  or  balanced  «  copper 
tank,  holding  about  forty  gallons  of  water.  On  one  side  of  the  tank  is  fixed  a  small 
shaft,  which  communicates  with  similar  cisterns  over  the  beds  of  the  millE  on  either 
tide ;  the  other  end  of  the  tank  rests  on  a  flat  board,  which  i*  subjected  to  a  great 
part  of  the  force  of  an  explosion ;  this  consequently  lifts,  disengaging  tbe  support  of 
the  tank,  tbe  contents  of  which  drench  tbe  bed  which  hat  just  exploded,  thereby 
pnttiDg  ont  all  fire,  and  cooling  the  machinery,  betides  having  a  similar  effect  on  the 
millt  Tig^t  and  left,  preventiug,  by  this  meant,  any  exlention  of  fire. 


Thecharge  is  spread  pretty  evenly  over  the  surface  of  the  bed,  and  moistened  with 
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any  qiiriiHBg  or  yellow  ipedu ;  ihoold  this  bowefor  be  the  cue,  it  is  a  lign  of  the 
ingredieiiti  not  being  raffidently  inoorporated.  In  this  ttige  it  undergoei 'certain 
pioofii  i  samples  of  the  cake  are  taken  from  every  charge  that  is  worked,  dried  in  an 
oven,  and  granulated;  half  a  drachm  of  this  is  fired  in  a  vertical  epronvette,  whidi  it 
ought  to  raise  3*5  inches ;  and  half  an  ounce  ii  flashed  on  a  glass  plate ;  if  very  little 
lesidne  or  ash  is  left,  it  is  an  additional  proof  of  its  being  vrell  incorporated,  and  that 
the  millman  has  done  his  work  properly. 

Incorporation  is  by  far  the  most  important  process  in  the  manufiusture  of  Gun- 
powder ;  for,  however  carefully  the  other  part  of  the  fabrication  is  carried  on,  should 
there  be  a  fuling  in  this,  the  powder  will  be  worth  nothing. 

The  great  and  ultimate  object  to  be  attained  in  the  manufacture  of  Gunpowder  is, 
to  produce  that  which  shall  give  equal  results  with  equal  charges ;  the  greatest  regu- 
larity should  therefore  be  observed  in  this  stage.  The  millman  should  have  great  ex- 
perience i  the  runners  and  beds  should  be,  as  nearly  as  possible,  the  same  rise  and 
weight,  and  driven  at  the  same  speed  throughout  the  fsctory ;  at  any  rate,  each  charge 
should  be  worked  to  the  same  number  of  revolutions ;  the  motion  of  the  runners 
should  also  be  as  uniform  as  possible,  which  is  very  satisfiictorily  accomplished  by 
eadi  vrater-wheel  being  regulated  by  a  governor. 

In  one  of  the  largest  Gunpowder  manufactories  in  England,  anew  method  has  been 
adopted  in  this  process ;  the  chsrge  u  constantly  kept  moist  with  boiling  water  by  a 
self-acting  apparatus ;  the  bed  of  the  mill  is  hollow,  and  made  of  iron,  through  which 
a  constant  supply  of  hot  water  or  steam  circulates  from  the  engine  boiler,  which  raises 
the  temperature  to  about  170°  Fahrenheit  It  is  considered  by  the  manufacturer  that 
this  plan  succeeds  well,  producing  as  intimate  a  mixture  of  the  ingredients,  with  a 
saring  of  about  one-third  of  the  time.  The  new  mills  just  completed  are  constructed 
so  as  to  admit  of  the  application  of  tlus  principle,  should  it  ever  be  considered  ad- 
visable to  adopt  it. 

BRBAKINO   DOWN  THE   MILL   CAKB. 

The  mill  cake,  after  it  comes  off  the  bed  of  the  incorporating  mill,  is  placed  in 
wooden  tubs,  and  taken  to  small-expense  magazines,  and  from  there,  in  about  twelve 
hours,  to  the  breaking-down  house ;  the  object  of  the  machine  from  which  this  takes 
its  name,  is  to  reduce  the  cake  to  a  convenient  size  for  the  hydraulic-press  box,  and 
also  that,  by  being  crushed  again  to  meal,  it  may  get  a  more  even  pressure ;  it  con- 
sists of  a  strong  gun-metal  framework,  in  which  are  fixed  two  pairs  of  fine-toothed 
or  plain  rollers,  which  revolve  towards  each  other,  working  in  spring  collars,  so  that, 
on  any  hard  substance  getting  in  by  mistake,  they  would  open,  and  allow  it  to  pass 
through,  thereby  preventing  the  dangerous  friction  which  would  otherwise  result.  A 
hopper,  or  upright  wooden  funnel,  capable  of  holding  about  500  lbs.,  is  fixed  at  one 
end  of  the  machine,  and  an  endless  canvas  band  2  ft.  6  in.  wide,  haring  strips  of 
leather  sewn  across  at  intervals  of  four  inches,  passes  over  one  roller  at  the  bottom  of 
the  hopper,  and  one  at  the  top  of  the  machine ;  when  set  in  motion,  this  conveys  the 
cake  from  the  hopper  to  the  highest  point  of  the  band ;  it  then  ftlls  through  the  first 
pair  of  rollers,  and  from  thence  through  the  second,  passing  in  the  form  of  meal  into 
small  wooden  carriages  underneath,  which,  as  they  are  filled,  move  forward  by  a  self- 
acting  motion,  making  room  for  others.  The  mill  cake  thus  broken  down,  is  fit  for  the 
press. 

PRESSING   THE    MEAL   BY   THE    HYDRAULIC    PRESS. 

The  mesl  is  now  subjected  to  very  powerful  pressure ;  and,  in  order  to  explain  the 
vray  in  which  this  is  effected,  a  short  description  of  the  apparatus  must  be  given.  The 


principle  of  the  hydnulie  pi«u  U  m  familiir  lo  moit,  that  it  will  be  d 
do  more  thtm  thaw  how  the  power  ia  applied. 

A  yaj  itrong  oak  box,  2  ft  6  in.  iqaare,  and  2  ft.  9  in.  deep,  ii  conitrneted  ao  thil 
two  of  the  tide*  uid  the  lid  will  fall  back  on  hingei,  or  form  a  eompact  mlid  box  when 
Kiewed  flnnljr  together.  Porty-ni  copper  platei,  2  ft.  H  in.  aqnare,  ilide  vertietHf 
into  thii  box,  and  are  kept  flve-eighthi  of  an  inch  apart  bj'  two  metal  alipt  with  oure- 
aponding  grooTe),  which  can  be  removed  when  neceuary. 


About  800  Iba.  of  the  meal  it  put  into  this  box  while  tbe  plate*  are  in  Ac  potitiMi 
we  have  deecribed.  When  tnll,  the  alipa  are  withdrawn,  the  platei  bejog  then  011I7 
separated  bf  the  powder  between  them :  tbe  lid  ia  now  firmly  aerewed  down,  and  the 
box  tamed  iner  b;  an  arrangement  of  pulleyi,  ao  that  the  platei  which  were  Tertieal 
will  now  be  horizontal.  The  present  Dpper  aide  ia  then  onierewed,  and  a  trateUing 
crane,  moTing  on  a  rul  orerhead,  is  lowered  till  the  dawa  attached  to  it  book  on  to 
two  tmnniona  fixed  on  the  lidea  of  the  box ;  it  ia  now  htnsted  by  menu  of  a  hand- 
wbeel  windlau,  and  the  box  being  auapended,  ia  pnihed  eaaily,  by  meant  of  the 
rail,  and  depoaited  in  thia  position  on  to  the  table  of  the  ram  under  the  preas  block. 
The  pumpa  that  work  the  hydraulic  press  are  in  a  separate  house,  a  high  trareite 
interrening :  the  men,  after  placing  the  box  in  the  poiidon  in  which  we  left  it,  re- 
tire to  a  room  adjoining  tbe  pump  boose,  and  are  in  conparatiTe  safety  in  the  erent 
of  an  explosion.  Tbe  pumpa  are  now  act  in  motion  by  a  water-wheel,*  and  are  tl- 
lowed  to  woik  up  to  the  required  pressure,  which  is  about  seventy  tona  to  the  iqnare 
foot.  After  this  pressnre  has  been  obtained  (which  is  known  by  the  safety-ialTC 
lifting,  and  the  water  making  its  escape),  the  box  ia  allowed  to  remain  under  the 
press  for  a  qoarter  of  an  hour,  a  cock  ia  then  opened,  which  allows  tbe  free  pau^ 
of  tbe  water  from  the  cylinder,  and  consequently  the  descent  of  tbe  ram  ;  it  ia  then 
conveyed  from  under  the  block  in  the  same  manner,  and  very  easily  unloaded,  it 
being  constructed,  as  we  have  before  explained,  so  at  to  allow  the  top  and  two  aides 
to  fall  back  on  binges.  The  press  cake  is  then  taken  out  in  layers  between  each  plata, 
resembling  dark  peces  of  tlate,  about  half  an  inch  in  thickuea*;  after  a  day  or  so, 
this  harden*  to  much  ai  to  be  difficall  to  break,  and  tbe  appearance  of  the  fractnre 
resembles  that  of  the  finest  earthenware.  Many  important  advantages  are  gained  by 
s,  of  which  the  following  are  the  principal : — 
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gndn  iof  euamm,  mnaket,.  or  rifle  powder ;  the  maddoe  whidi  efltels  this  ii  tery 
beantifiillj  contriTed,  and  ii  entirely  self-acting,  obfiating  the  neeeaaitj  of  any  mie 
bflii^  in  the  buflding  while  it  ii  in  motion.  It  membleay  in  appearaaee  and  action^ 
the  breaking-down  machine,  except  that  it  is  laiger,  and  is  fitted  with  tiiree  pain  of 
toothed  rollers  of  different  degrees  of  fineness,  working  in  the  same  kind  of  coUan 
already  mentioned,  so  that,  on  any  hard  snbetanee  passing  throngh,  they  would  open 
according^,  and  thus  prevent  friction.  At  one  end  of  the  machine  iaa  wooden  hi^iper, 
or  fimnel,  whidi  is  filled  with  the  press  cake ;  this  is  contriTod  so  as  to  rise  gradnaUy 
by  the  motion  of  the  machine,  and  constantly  to  supply  an  endless  band,  similar  to 
the  one  described  in  the  breaking-down  house.'  When  the  cake  airifes  at  the  highest 
point  of  this  band,  it  ftlls  over,  and  is  granulated  between  the  first  pair  of  gun-metal 
rollen ;  under  eadi  pair  is  a  screen  covered  with  8-mesh  wire;  all  that  is  not  suJB- 
dentiy  small  to  pass  through,  is  carried  oh  to  the  next  pair  of  rollers,  and,  in  like 
manner,  that  which  does  not  pass  through  the  second  screen  is  carried  to  the  third 
pair.  In  addition  to  these  screens,  there  are  three  oblong  sieres  covered  with  8-  and 
16-mesh  wire,  and  56  doth  respectiTdy,  fixed  under,  andparaUd  to,  eadi  other,  each 
being  separated  by  about  four  inches  of  space,  running  at  an  incline  just  bdow  the  three 
pairs  of  rollers ;  these  all  lead  to  little  wooden  carriages  phiced  on  the  opposite  side 
of  the  machine,  which  are  divided  so  as  to  collect  the  different-siaed  grain  as  it  paiscs 
down.  To  fsdlitate  the  separation  and  sifting  of  the  powder,  and  to  prevent  masses 
of  it  forming  and  clogging  up  the  wire,  a  shaking  motion  is  imparted  by  a  drculsr 
whed  attached  to  the  framework  of  these  sieves  revolving  against  an  octagonal  one 
fixed  to  the  machine.  The  grains  which  pass  through  eadi  screen  bdow  the  roUera 
fidl  on  to  the  upper  one  of  these  three  last-mentioned  sieves;  that  portion  which 
passes  through  this,  and  is  retained  on  the  16-mesh  wire,  is  cannon  powder;  that 
passing  through  the  16-mesh  sieve,  and  retained  on  the  56  doth,  is  iine  grain ;  and  a 
board  running  also  paralld  underneath  retains  the  dust  that  passes  through  the 
doth. 

The  "  chucks,"  as  they  are  called,  or  those  grains  that  are  too  large  to  pass  through 
these  different  sieves,  are  collected  in  the  same  way  as  the  grain,  and  undergo  the 
process  of  granulation  again. 

The  hopper,  having  arrived  at  a  certain  height,  and  disdiarged  its  contents,  rings 
a  ben,  which  is  a  signal  for  the  madiine  to  be  stopped  and  re-diarged.  The  powder 
thus  obtained  is  by  no  means  finished,  as  it  contains  a  good  deal  of  moisture  and  dust, 
which  have  to  be  expelled  and  separated  from  it ;  it  is  called,  in  this  state,  **  find- 
grain  powder.'' 

DUSTING   LARGK-GRAIN   FOWDSR. 

The  keeping  qualities  of  powder  are  very  mudi  improved  by  removing  the  dust, 
which  quickly  absorbs  moisture  firom  the  atmosphere ;  this  operation,  for  large-grain, 
is  performed  by  cylindrical  reds  about  8  ft.  6  in.  tong,  and  3  ft.  8  in.  in  diameter, 
dothed  with  28.mesh  canvas,  which  revolve  at  the  rate  of  thurty-eight  times  per 
minute.  Those  for  large-grain  are  called  horizontal  reds,  in  contradistinction  to  those 
for  fine-grain,  that  are  called  dope  reds ;  each  is  endosed  by  a  wooden  case,  to  pre- 
vent the  dust  fiying  about  the  house.  When  the  powder  has  run  its  time,  one  end 
of  the  red  is  lowered ;  it  then  runs  out  into  barrels  placed  to  recdve  it.  This  entirely 
separates  the  dust,  and  imparts  a  fine  black  gloss,  which  is  suffident  ghmng  for  the 
large-grain  powder.  There  however  remains  a  certain  degree  of  moisture ;  it  has 
therefore  to  undergo  a  further  process  of  being  stove  dried.  Before  however  de- 
scribing this  next  essential  part  of  the  manufacture,  we  must  follow  the  course  fine- 
grain  has  to  go  through  till  it  is  also  fit  for  this  operation. 
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DUSTING   PINE-GRAIN    POWDER. 


The  fine-gnuD  powder  bi*  ft  much  greater  pTOportlon  of  dust  wbcD  it  luvei  tbe 
gnnuliting  houK  than  the  Urge^ain;  and  it  ii  found  neceiur?,  on  tbi>  accoant,  to 
me  1  different  kind  of  reel  The;  reiembte  tboie  for  the  farmer  powder,  except  that 
the;  are  covered  with  44-nie»h  canvat  inatead  of  28,  and  are  placed  at  an  incline 
which  prevent*  their  being  choked  np  with  the  quantil;  of  duat ;  each  end  ii  alao 
open,  and  a  continuoai  atream  of  powder,  fed  b;  a  hopper,  paiiei  Ihroogh  while  the; 
TevoWe,  and  poura  out  at  the  lower  end  into  barreU.  This  proceig  is  repeated  a 
•ecoDd  Ume,  obicU  snlGcientl;  freea  it  from  duaL 

GLAZING   FINE-GRAIN    POWDER. 

The  flne-grain  powder  that  dutled,  it  then  glazed  for  three  lioun  in  barrel*  capable 
ofholding  300 lbs.,  which  are  3 ft.  6  in.  in  length,  and  2 ft.  Sin.  in  diameter,  revoh- 
ing  at  the  rate  of  thirty-two  timea  in  a  minute.  B;  the  mere  friction  of  the  graina 
Bgaintt  each  other  and  tbe  inside  of  tbe  barrel,  a  glaze  ii  imparted,  presenting  a  fine 
polithed  surface  to  the  graiii. 

Powder  glazed  in  thii  wa;  withatanda  the  action  of  moisture  to  a  far  greater  extent 
than  unglazed  powder,  and  in  transport  Tcr;  little  dust  is  formed. 

Ad  iitificial  glaze  is  sometimes  given  b;  the  addition  of  a  little  lamp  black  or  gta- 
phite  in  the  gla^ng  barrels ;  this  plan  ii  not  howerer  adopted  in  the  Government 
works,  as  it  is  considered  that  these  coatings  might  attract  moisture.  The  small 
qnantit;  of  dust  generated  by  this  process,  is  removed  by  passing  the  powder  again 
throngh  aimilar  slope  reels  to  those  before  mentioned  t  these  are  called  slope- reels  for 
glaied  powder,  which  are  kept  separate.  The  fine-grain  is  now  in  a  similar  state  to 
the  large-grab)  in  the  stage  in  which  we  left  it.  They  both  contain  moisture,  which  it 
is  necessary  to  eipel  before  the;  are  fit  for  the  Service. 

BTOTING   OR   DRYING   POWDER. 

A  dr;ing-room,  heated  by  steam  pipes,  is  fitted  with  open  framework  shelves,  on 

which  rest  small  wooden  trays  about  3  feet  long,  I  ft.  6  in.  in  breadth,  and  SJ  in.  deep, 

having  canvas  bottomsi  on  each  is  spread  8  lbs.  of  powder.  This  room  holds  about 
40  barrels,  or  400Q  lbs.,  wbich  remains  in  it  for  twenty-four  hours,  and  ia  subjected 
to  a  heat  of  130°  Fahrenheit  for  sixteen  hours,  communicated  by  steam  f 
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ponible,  leien-tentht  Urge  grain,  two-tentha  fine  grain,  and  one-tenth  dnat ;  aU  that 
ia  separated  in  each  operation  is  worked  o?er  again  for  one  hoar  under  the  mnneri, 
and  goes  through  the  remaining  differei^  stages  of  mano&ctnre,  the  same  as  the 
regular  work«  That  which  is  separated  in  the  last  dnsting  of  the  fine-grain,  or  musket 
powder,  through  the  44.mesh  cloth,  exhibits  a  beautiful  uniformity  of  grain ;  after 
being  reeled  for  an  hour  and  a  half  in  a  72.me8h  silk,  it  is  equal  in  appearance  to  the 
finest  sporting  powder,  and  is  used  to  fill  Captain  Boxer's  diaphragm  shells.  About 
8  per  cent,  is  obtained. 

THK   POWDER   BEST  ADAPTED  TO   THE   SlfFIBLD    RIFLE. 

A  great  many  experiments  ha^e  been  lately  made,  and  particular  attention  paid,  to 
ascertain  the  powder  best  adapted  to  the  Enfield  rifie.  Hitherto  common  fine-grain 
powder,  obtained  by  the  method  we  have  described,  has  been  exdusifely  used ;  but  it 
is  a  question  whether  one  made  with  greater  care,  of  more  CTcn  grain,  and  pressed 
lighter,  would  not  be  better  suited  for  rifle  practice ;  the  principal  thing  to  be  guarded 
against  is  the  foaling  of  the  piece,  which  preTcnts  more  than  a  limited  number  of  rounds 
being  fired  without  cleaning  it.  As  far  as  experiments  ha?e  been  carried  at  present, 
it  is  considered  that  a  powder  made  from  small-wood  charcoal,  from  one-half  to  three- 
quarters  of  an  inch  in  diameter,  incorporated  for  four  hoars,  slack-pressed,  and 
separated,  so  as  to  obtain  an  cfen  grain,  between  a  16-  and  20-,  or  20-  and  28-mesh 
wire  sieve,  will  answer  in  all  respects  for  this  service  better  than  any  other. 

EXAMINATION    AND   PROOF   OF   GUNPOWDER. 

The  great  and  ultimate  object  to  be  obtained  in  the  manufocture  of  Gunpowda  is, 
not  so  much  to  produce  that  which  ranges  the  highest,  as  one  that  shall  be  durable  in  its 
texture,  not  easily  deteriorated  by  atmospheric  infiuence  or  transport,  andone  with  which 
equal  chargea  shall  produce  equal  effects.  It  should  present  uniformity  in  the  appear- 
ance of  its  grains,*  which  should  be  angular,  crisp  and  sharp  to  the  touch,  not  easily 
reduced  to  dust  by  pressure  between  the  fingers,  or  dusty  in  handling ;  its  specific 
gravity  should  not  be  under  55  lbs.  to  the  cubic  foot  (that  of  Waltham  Abbey  is 
generally  58  lbs.)  taking  water  at  1000  oz. ;  its  strength  is  tested  by  firing  three  rounds 
from  an  8-inch  mortar,  throwing  a  68-pounder  solid  shot  with  a  charge  of  2  oz. — ^this 
should  give  a  range  of  from  270  to  300  feet.  The  distance  however  varies  con- 
siderably, according  to  the  state  of  the  atmosphere  and  the  density  of  the  powder : 
for,  the  greater  the  density,  the  less  the  range  in  small  charges.  Half  an  ounce 
flashed  on  a  glass  plate  should  leave  little  or  no  residuum ;  should  white  beads  or 
^bules  appear,  it  is  a  sign  of  imperfect  incorporation. 

AH  these  requirements  are  of  paramount  importance,  particularly  that  which  relates 
to  the  equal  effect  of  given  charges ;  for  on  this  are  based  all  calculations  connected 
with  ginnery,  and  the  accuracy  of  artillery  practice  is  entirely  dependent  on  it. 

Many  reasons  have  been  advanced  why  the  Government  should  be  their  own 
manufacturers  to  a  certain  extent — such  as  the  great  saving  in  the  cost  of  powder 
when  compared  to  the  price  paid  to  the  merchants,  which  in  seven  years  of  the  war, 
from  1809  to  1815,  from  the  Government  having  Waltham  Abbey,  Paversham,  and 
Ballincollig,  amounted  to  upwards  of  £300,000 ;  and,  had  there  been  greater  capa- 
bilities, more  than  double  that  amount  would  have  been  saved ;  also;  by  exercising 

*  The  proportion  of  diflicreot  tixed  gnun  in  one  pound  of  cannon  powder  hai  beeif  fixed  m 

under,  vii. — 
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«  control  over  the  market,  eiorbituit  deminils  are  prevented,  which  m^ht  be  made, 
were  the  Government  not  in  i  potition  to  check  thit  bf  their  own  est^iihmeati. 

No  reuoD  however  ia  >o  itrong,  or  of  #ch  coniequence,  u  the  d>ove,  viz.  the  pio- 
dnction  of  ID  equal  powder,  it  being  next  to  an  impouibility  to  obtain  thi)  i««dt — 
indeed,  it  cannot  be  expected — where  the  ^eat  bulk  is  topplied  br  half-a-doaen 
different  contnctora,  none  of  whom  punue  the  tame  proceis. 

The  Government  thouid  therefore,  t  concave,  be  in  a  poution  to  manoiictnre  for 
thnr  Qtmott  wtnti,  at  anj  rate  all  that  doea  not  come  under  the  bead  of  bhmlf  am- 
munition ;  the  first  outlay  in  buildings  and  machiner]r  would  be  covered  in  a  few 
jean,  and  the  service  of  aitiUeiy  greatly  benefited  by  the  use  of  a  powder  that  coold 
•t  all  Umei  be  depended  npon.  In  the  Government  factory  every  particnUr  in  the 
(Uiriealion  it  moat  carefully  attended  to,  the  purity  of  the  ingredients  always  tested, 
and  great  attention  paid  to  the  proper  diitillition  of  the  charcoal ;  they  are  alwap 
groand  In  the  same  way,  and  sifted  to  the  tame  degree  of  fineness :  in  tact,  every 
process  it  always  carried  on  in  precisely  the  same  manner.  The  eonteqnenee  it,  that 
Waltham  Abbey  powder  is  considered  by  all  the  best  lample  to  work  to ;  on  this 
point,  Uaior  Mordec^,  in  his  excellent  work,  says, — "  I  would  therefore  propose  the 
Waltham  Abbey  powder  as  the  type  or  standard  to  which  osr*  powder  for  military 
service  should  conform  in  nearly  all  respects.  In  this  msnnfacture,  the  eatential 
operationi  are — the  separate  pulverization  of  the  ingredients,  their  ineorpontion  by 
the  cylinder  mills  alone,  snd  the  formslion  into  cake  by  moderate  pressure." 

In  addition  to  the  tbove  reasani  of  the  adnntages  arising  from  GoTemmenC  fac- 
tories, are  the  experiments  that  can  be  carried  on,  and  impiDveDienti  made,  in  pro- 
dm^g  a  powder  of  superior  quality.  I  cannot  do  better  than  qnote  a  paragraph  in 
the  evidence  of  Lord  Hardinge  before  the  Finance  Committee  of  the  House  of  Com- 
mons in  1838. 

He  aays : — "  At  Waltham  Abbey,  in  a  very  few  years  after  it  was  constructed,  the 
powder  wu  so  improved,  that  tbe  charge  of  powder  to  the  wdght  of  shot  wu  re- 
duced from  one-half  to  one-third  ;  therefore  two  barrel)  were  uted  instead  of  three, 
an  advantage  in  stowing  on  board  ship,  as  well  as  in  the  field." 

From  the  above,  it  will  appear  that  a  great  part  of  the  powder  fgr  H.  M,  Govern- 
ment has  at  present  to  be  supplied  by  merdianta.  Tbe  contracts  are  made  out 
sometimes  for  them  to  supply  their  own  saltpetre,  and  at  others  for  the  Government 
to  furnish  it  pure,  at  the  rate  of  77'5 1bs.+  per  barrel  of  100  lbs.,  they  finding  the 
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Seeondly,  it  is  handled  and  pressed  between  the  fingers,  to  test  the  firmness  of  its 
grain ;  and  should  there  appear  to  be  any  great  difference  in  the  proportions  of 
different  sizes  to  that  laid  down  as  a  standard,  it  is  sifted  and  compared  accordingly, 
being  rejected  shoald  the  quantities  MX  short  or  exceed  the  sample  in  any  great 
degree. 

Thirdly,  a  barrel  or  two  are  selected,  and  the  powder  ponred  into  a  hopper,  under 
which  is  placed  a  box  very  carefully  constructed,  so  as  to  hold  exactly  a  cubic  foot; 
a  slide  is  now  withdrawn  at  the  bottom  of  the  hopper,  and  the  powder  allowed  to  run 
into  the  box  in  a  continuous  even  stream  until  it  is  piled  up ;  the  hopper  is  then  re- 
moved, and  the  powder  struck  off  with  a  straight  edge,  level  with  the  top  of  the  box. 
The  weight  is  now  carefully  taken,  that  of  the  latter  being  subtracted ;  should  this 
not  amount  to  55  lbs.  it  is  rejected,  as  not  being  of  sufficient  density.* 

Fourthly,  samples  are  taken  from  every  barrel  and  lot  for  the  firing  proot 

Firing  Proof. — ^An  average  of  nine  rounds  of  sample  Waltham  Abbey  powder  is 
taken,  three  rounds  being  respectively  fired  at  the  beginning,  middle,  and  end  of  the 
proof,  from  the  same  kind  of  mortar  before  mentioned,  with  a  charge  of  2  oz. ;  an 
average  of  three  rounds  of  each  lot  of  the  merchants'  powder  is  also  taken ;  should 
it  fsll  short  by  more  than  1  in  20,  it  is  rejected. 

Fifthly,  to  ascertain  if  any  residuum  or  ash  is  left  after  ignition,  about  half  an  ounce 
is  burned  on  a  clean  glass  plate  and  fired  with  a  hot  iron.  The  ezfrfosion  should  be 
sharp,  and  produce  a  sudden  concussion  in  the  air ;  and  the  force  and  power  of  this 
concussion  should  be  judged  by  that  of  known  good  quality ;  few  sparks  should  fiy 
off,  nor  should  white  beads  or  globules  appear,  as  it  would  be  a  sure  indication, 
as  we  have  explained  before,  of  insufficient  incorporation.  It  is  also  subjected  to  a 
second  proof. 

Second  Proqf, — A  sample  of  1  lb.  from  each  lot,  carefully  weighed  up,  and  a  similar 
sample  of  the  comparison  powder,  is  exposed  for  three  weeks  in  a  box  perforated  with 
holes  (called  a  damp  chest)  to  the  action  of  the  atmosphere.  This  box  is  placed 
under  cover,  so  that  it  is  sheltered  from  the  wet,  but  that  the  moisture  can  get  to  it ; 
if,  at  the  end  of  this  time,  there  is  a  greater  proportion  of  difference  in  range  between 
them  than  one-twentieth,  it  is  rejected ;  the  pounds  are  also  very  carefully  weighed 
up  again,  to  ascertain  the  comparative  absorption  of  moisture.  This  is  called  the  hy- 
grometric  test. 

The  saltpetre  is  also  subjected  to  chemical  analysis,  both  as  to  its  quality  and  pro- 
portion, in  the  following  way ; — 

First,  as  to  its  Purity.  About  a  quarter  of  an  ounce  is  pounded  in  a  mortar  with 
distilled  water ;  this  is  put  into  a  test-tube,  and  boiled  by  a  spirit-lamp.  The  solu- 
tion is  then  filtered,  a  few  drops  of  nitric  acid  and  nitrate  of  silver  are  added ;  if 
cloudiness  appears,  the  saltpetre  is  impure  in  proportion  to  the  quantity  and  dirtiness 
in  the  appearance  of  the  precipitate. 

Secondly,  as  to  its  Proportion.  A  hundred  grains  of  powder,  freed  from  moisture, 
and  very  accurately  weighed,  are  put  into  a  glass  with  sufficient  distilled  water  to 
hold  it  in  solution ;  this  is  boiled  and  filtered,  the  charcoal  and  sulphur  being  well 
washed  until  all  saltpetre  is  dissolved ;  the  solution  is  then  evaporated  to  dryness, 
and  the  weight  of  the  residue  represents  the  percentage  of  nitre. 

It  may  also  be  arrived  at  indirectly,  after  the  filtration,  by  drying  the  filter  con- 
taining the  sulphur  and  charcoal,  subtracting  the  weight  of  the  filter,  previously 


*  A  description  will  be  given,  in  one  of  the  following  page*,  of  an  appantu*  invented  by  Colonel 
Mallet  and  M.  Bianchi  to  test  the  density  of  powder. 

u  2 
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ucerUined,  thai  gettiag  thdi  w«ght.    The  difference  between  this  ind  the  originil 
wrigfat  of  powder  beiag  the  proportioD  of  nitre. 

APPAKATOS    FOR    DBTKRMINING    THE    SPECIFIC    GRAVITY    OF 
POWDER. 

The  fallowing  i>  ■  deuriptian  of  the  principle*  of  ui  Appmtui  nlled  the  "  Denit- 
mitre  i  Hercare,"  which  i>  used  in  the  French  Serrice,  for  determintng  the  ipedlle 
grtrity  of  powder. 

"  Appareit  de  Ueuieun  le  Colonel  d'Artillerie  Mallet  et  Barth^my  Biinchi,  pour 
dlterminer  li  Pesinteor  Sp&Hfique  deiGnina  dela  Foodre.  Appireil  adopts  parl'Ad- 
■niaiitntion  de  1*  Goerre. 

"Parmi  lei  fpreave*  r^ementairet  qui  tervent  &  contlater  qu'ane  poadre  eit  de 
bonne  quality  se  trouve  la  d^ermination  de  aa  deniite  rfelle.  On  eat  conTCDU 
d'lppeler  '  deniiU  r^e '  le  ripport  du  poidi  de  la  poudre  an  mlunie  de  aet  gnim, 
tela  qn'ila  tant  conatitufa  aiec  lenrt  porea  entr'eui.  G^nfralement  cette  deoait^ 
a'obtieat  par  I'immeraion  d'ua  poida  donnf  de  poudre  dan>  an  liqnide  dont  la  denlit^ 
eat  conDue,  et  qai,  remplirsnt  compl^tement  lea  iateratices  dei  grains,  ne  doit  pa* 
pjn^trer  dani  leura  porea.  C'eat  aur  ce  principe  qne  repoaent  lea  instractiona  minia- 
t^rieUea  du  b  Jidn,  1B35,  aur  lea  ^prenvea  dea  poudrei  au  moyen  de  I'iinmergioD  dan* 
I'eKD  Ittur^  de  aalp£tre.  Mais  I'eiperience  i  detnODtr^  que  cette  m^thode,  timple 
et  facile  en  apparence,  eiige  dea  pr^utiona  minutieuaei  et  delicalea,  dont  I'oubli  od 
la  negligence  peuvent  alt£rer  lea  r^ultaia  de  maniere  i  faire  reaaortir  dea  anomaliee 
tellea  qu'il  n'esi  plua  pouible  d'avoir  conliance  dana  on  aemblable  proced^ 

"  Cea  anomaliea  praviennent  dea  chongementa  de  temperature  qui  peuvent  aoit  oc- 
caaionaer  an  depAt  de  aalpctre  de  I'eau  saturee,  aoit  disaoadre  une  psrtie  de  aal- 
p£tre  de  la  poudre ;  ellei  proviennent  auui  de  la  tendance  de  i'eau  a  peo^trer  daoa 
lea  graina  de  la  poudre. 

"  Pour  obrier  I  cea  incon«£nienta  on  a  propoai  remploi  d'autrea  liquidea,  tela  qne 
I'eaaence  de  tfr^beDtluDe,  I'alcool,  I'huite,  etc,  enfin  le  mercure.  ponr  ;  faire  I'im- 
meraion  de  ]•  p«udre.  Le  mercure  aeul  a  paxa  propre  Jk  conduire  a  la  aolution  du 
problime ;  aniai  c'eat  dana  cette  direcUon  que  dea  techerchea  ont  6ti  faitea  par  dea 
Commiuairea  et  Inapecteun  dea  Poudrea,  dea  offidera  attach^  k  la  direction  centrale 
del  Poudrea  et  Silpetre.  et  que  diTera  appareil*  ont  eti  aucceaaivement  propoa£a  et 
aoumii  k  on  eiaiaen  approfbndi  par  une  commiaaion  dSegu^  par  Mona.  le  Miniaire 
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**Ona 

P-F  «  b-a;  d'oiifl«P-F  +  A. 
**  Ainsi  la  difference  des  deux  pes^s  de  Tappareil  augment^  da  poids  de  la  poudre, 
repr^ente  le  poids  da  mercure  d^plac^.     Ce  dernier  poids  divis^  par  la  density 
do  mercure  (qui  doit  Stre  d^termin^  it  priori)  donne  le  volume  de  ce  mercure  d^- 
plac^,  volume  egal  k  celui  occupe  dans  le  vase  par  les  grains  de  la  poadre. 
**  Soit  D  »  la  densite  connue  du  mercure. 

V  »  le  volume  de  mercure  d^plac^,  ou  le  volume  occupe  par  la  poudre. 

-  =  5 

*'  Soit  D'  density  cherch^  de  la  poudre — 

,  __  A        aD  aD 
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*'  La  density  r^Ue  de  la  poudre  est  egale  a  la  densite  du  mercure  multipli^  par  le 
poids  de  la  poudre,  et  divisee  par  la  difference  des  deux  pes^s  augmentee  du  poids 
de  la  poudre." 

Major  Mordecai  has  entered  very  fully  into  the  subject  of  the  Proof  of  Gunpowder* 
and  his  remarks  relating  to  the  eprouvette,  balistic,  and  gun  pendulum  will  be  found 
very  interesting  and  instructive. 

REMARKS  ON  THE  PROOF  OF  POWDER  BY  THE  EPROUVETTES. 

*'  By  comparing  the  results  of  the  proofs  by  the  eprouvettes  vrith  those  furnished 
by  the  cannon  pendulum,  it  will  appear  that  the  eprouvettes  are  entirely  useless  as 
instruments  for  testing  the  relative  projectile  force  of  different  kinds  of  powder,  when 
employed  in  large  charges  in  a  cannon.  Powders  of  little  density,  or  of  fine  grain, 
which  bum  most  rapidly,  give  the  highest  proof  with  the  eprouvettes,  whilst  the  re- 
verse is  nearly  true  with  the  cannon.  Thus,  all  the  eprouvettes  concur  in  assigning 
the  first  rank  among  the  cannon  powders  to  the  powder  F,  which  is  the  lowest  on  the 
scale  by  the  cannon ;  whilst  the  powder  A,  which  is  the  strongest  in  the  gun,  is  one 
of  the  weakest  by  the  eprouvettes.  Nor  do  these  instruments  assign  any  superiority  to 
powder  which  is  well  incorporated,  over  powder,  of  the  same  kind  in  other  respects, 
which  has  been  very  imperfectly  worked  ;  on  the  contrary,  they  all  give  results  with 
the  powder  incorporated  by  fifteen  minutes'  work  under  the  rollers,  equal  or  superior 
to  those  furnished  by  the  same  powder  worked  ninety  minutes. 

"  The  only  real  use  of  these  eprouvettes  is  to  check  and  verify  the  uniformity  of  a 
current  manufacture  of  powder,  where  a  certain  course  of  operations  is  intended  to 
be  regularly  pursued,  and  where  the  strength,  tested  by  means  of  any  instrument, 
should  therefore  be  uniform ;  but  as  a  means  of  proving  Gunpowder  received  (as  it  is 
in  our  service)  from  manufactories  pursuing  entirely  different  processes,  these  eprou- 
vettes may  be  pronounced  worse  than  useless,  since  they  may  lead  to  erroneous  re- 
sults. By  the  French  mortar  eprouvette,  scarcely  any  of  the  powders  which  we  have 
found  to  be  the  strongest  in  the  cannon,  could  be  received  as  having  given  the  re- 
quired proof  range  of  246  yards." 

The  results  by  these  eprouvettes  correspond  generally  with  those  given  by  the 
8-inch  mortar,  with  a  charge  of  12  oz.,  by  the  1 -pounder  gun  pendulum,  and  by  the 
musket  pendulum,  in  which,  as  in  all  cases  where  small  quantities  of  powder  are  used, 
rapidity  of  inflammation  is  the  most  influential  element  of  strength. 

EXPERIMENTS    WITH    THE    1-POUNDER    GUN    PENDULUM. 

"  Having  ascertained  that  there  is  no  correspondence  between  the  indications  of 
the  force  of  cannon  powder  which  are  furnished  by  the  gun  itself,  and  those  given 
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by  the  ijoviiTetlei  in  common  dk,  uid  alio  that  no  accarttc  iadicition  of  the  rdt- 
tne  force  of  didferent  kinds  of  powder  cin  be  expected  from  the  ou  of  bUok  charge*, 
eten  with  Urge  quantities  of  powder,  I  determiued  to  trjr  nhether  inch  an  indicatiaD 
would  be  fumiibed  by  firing  with  bslb  from  ■  gaa  of  so  mail  ■  calibre  that  ita  om 
would  be  attended  with  little  difficulty  or  expense,  and  that  tlie  apparatus  might  evca 
1m  susceptible  of  removal,  if  neceisarjr,  from  place  to  place.  For  thia  purpoae,  I  con* 
■tnicted  a  pendulam  apparaini  for  a  l-pounder  gun,  to  be  tired  with  balli.  with  a 
charge  of  a  quarter  of  a  pound ;  the  Telocity  of  the  ball  to  be  compoted  from  the 
recoil  of  the  gun  pendulum  alone,  in  order  to  dispenae  with  the  coitly  and  alow  pro- 
cet*  of  UKng  the  balistic  pendulum. 

"  The  resulti  of  the  experimenta  nith  this  pendulum  are  exhibited  in  the  foUowiiiB 
table :— 


Ciaryt  if  Povdtr  i  It.  i 

Tmdagf  qfBaU  0-O47S  mcA 

Kind  of 

Vetodif 

Poranf 

Kind  of 

laltiil 

RttabK 

g(B^, 

Powder. 

P-der. 

A. 

1407  feet 

843 

P. 

1490  feet 

890 

A.  1 

i3:o 

821 

F.  1 

1459 

875 

A.  3 

1467 

880 

F.  0 

1476 

885 

A.  0 

1463 

877 

G.1 

1406 

843 

A.  4 
B. 

1574 
1446 

944 

866 

G.6 

1668 

1000 

B.  1 

13B1 

828 

K.  1.  r. 

1392 

835 

B.3 

1481 

K.  1.  g. 

1366 

819 

C. 

14&a 

870 

B.  15 

1460 

875 

D. 

1376 

825 

R.  90 

1502 

900 

E. 

llGl 

692 

X.p. 

1489 

893 

E.  1 

1110 

665 

X.p.4 

1534 

919 

E.3 

1263 

757 

X.p.5 

1635 

980 

E.  5 

1429 

857 

Prom  these  reaaitt,  it  appears  that  the  indications  given  by  the  l-pouodei  g 
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fired  with  aimUar  chtrgw  from  a  large  and  a  small  gun,  of  nearly  the  lame  relative 
length  of  bore ;  thai,  vrith  a  charge  of  one-fborth  the  weight  of  the  ball,  we  have 

With  Powder  J. 

In  the  24-pomider  gan,  a  velocity  of     ....  1702  feet. 
In  the  1-pounder  gun 1407 

Difference    295 

With  PouhUt  F. 

In  the  24 -pounder  gnn,  a  velocity  of    ...    .  1552  feet. 
In  the  1-pounder  gun 1470 

Difference      82 

The  following  conclusion  with  regard  to  the  proof  of  Gunpowder  has  been  arrived 
at  by  Major  Mordecai : — 

'*  The  only  reliable  mode  of  proving  the  strength  of  Gunpowder  is,  to  test  it  with 
service  charges  in  the  arms  for  which  it  is  designed ;  for  which  purpose  the  balistic 
pendulums  are  perfectly  adapted. 

*'  Although  the  present  tendency  to  the  use  of  cannon  of  very  large  calibre  would 
make  the  proof  by  means  of  a  32-pounder  or  24 -pounder  gun  more  satisfactory  than  by 
using  a  piece  of  smaller  calibre,  it  does  not  seem  to  be  necessary  to  resort  to  those  heavy 
guns  for  obtaining  a  correct  indication  of  the  relative  force  of  different  kinds  of 
powder.  We  have  seen,  indeed,  that  such  an  indication  is  not  given  by  a  1-pounder 
gun;  but  the  experiments  at  Metz  have  shown  that  the  12-pounder  gun  classes  the 
powders  in  the  same  order  of  strength  as  the  24-pounder ;  and  further  experiments 
may,  perhaps,  prove  that  a  long  gun  of  yet  smaller  calibre,  a  9-pounder  or  a  6- 
pounder,  will  give  corresponding  results.  As  the  use  of  the  large  balistic  pendulum 
is  difficult,  slow,  and  expensive,  and  as  the  indications  furnished  by  the  recoil  of  the 
cannon  pendulum  correspond  with  those  given  by  the  balistic  pendulum,  I  should 
propose,  for  the  usual  proof  of  Gunpowder,  to  make  use  of  the  cannon  pendulum  alone, 
employing  a  gun  of  the  smallest  calibre  which  will  give  correct  results,  and  firing 
the  balls  into  a  bank  of  earth,  which  would  not  make  them  unfit  for  ordinary 
service. 

"  An  apparatus  of  this  kind  would  not  be  costly,  and  might  therefore  be  erected  at 
several  of  the  arsenals,  where  powder  may  be  conveniently  received  for  inspection ; 
the  24-pounder  pendulum  at  Washington  Arsenal  being  used  occasionally  for  verifi- 
cation. 

*'  In  the  24-pounder  gun,  new  cannon  powder  should  give,  with  a  charge  of  one- 
fourth,  an  initial  velocity  of  not  less  than  1600  feet  to  a  ball  of  medium  weight  and 
windage. 

**  For  the  proof  of  powder  for  small  arms,  the  small  balistic  pendulum  is  a  simple, 
convenient,  and  accurate  instrument  The  cost  of  the  apparatus  might  be  very 
much  reduced,  without  impairing  the  accuracy  of  the  results,  by  dispensing,  in  most 
cases,  with  the  musket  pendulum,  which  is  the  most  costly  part  of  it,  and  simply 
firing  the  ball  into  the  balistic  pendulum  block,  from  a  barrel  set  in  a  permanent 
frame. 

"  The  common  eprouvettes  are  of  no  value  as  instruments  for  determining  the 
relative  force  of  different  kinds  of  Gunpowder." 

OF  THE  SIZE   OF  GRAIN    FOR  GUNPOWDER. 

With  regard  to  the  particular  size  of  g^aiu  for  Gunpowder,  I  am  confident  great 
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impTDTementi  might  be  made,  both  in  obtuning  gruter  regularity  of  effect  ind  pro- 
pelling force,  by  the  adoption  of  ■  more  uniform  eren  graia.  There  are  it  prcient 
half-a-Jozen  different  aizes  in  our  cannon  and  mugket  powder  i  and  I  think  it  stand* 
to  reason,  that  the  more  equal  the  lize,  the  more  uniform  will  be  the  ignition  of  tU 
the  grain*,  and  consequentlj  the  effect  of  the  lame  cbarget  nill  be  much  more 
regular. 

I  have  made  many  eiperimenta  on  a  imall  scale,  all  of  which  go  h)  prove  the  cor- 
rectneis  of  this  aMertion  ;  they  however  require  to  be  made  with  service  charges,  M 
decide  the  particular  size  that  would  be  most  advantageous.  Major  Mordecai  doe* 
not  think  any  change  is  neceaaary  iu  the  grain  for  cannon  powder  i  ibould  however 
it  not  be  deemed  incompatible  with  the  convenience  of  service  to  multiply  the  varietiel 
of  powder  for  special  purposes,  he  conaiilcra  that  there  would  probably  be  anadvinltge 
inuung  very  lai^-grainedpowder  for  13-inch  mortars  and  heavy  sea-coast  howitzcca, 
where  enormous  charges  are  used ;  by  this  means,  the  strain  on  the  gun  would  be 
diminished,  and  tbe  velocity  of  the  ball  perhaps  increased. 

DAMAGED    POWDER. 

Gnnpowder  that  may  have  became  too  much  damaged  in  transport  to  re-duat,  i* 
often  worked  over  again,  in  the  same  way  as  a  dual  charge,  provided  the  nitre  is 
found  to  be  pure  i  should,  however,  the  grains  not  be  very  much  broken  up,  by  reeling 
it  for  one  hour  and  a  half,  it  will  be  perfectly  freed  from  dust,  and  its  original 
appearance  and  glaze  nearly  restored. 

Powder,  also,  that  may  have  imbibed  an  undue  amount  of  moisture  from  damp 
magazines  or  exposure,  can  be  re-stoved  and  dusted,  which  partially  restores  it.  It 
would  however  be  advisable  generally,  to  use  this  powder  for  burstiog  shells,  or  for 
blank  ammunition  salutes,  etc.  etc.,  as  little  dependence  can  be  placed  oD  its  regu- 
larity of  effect,  and  I  consider  it  most  desirable  tbat  the  best  pottder  Ebould  always 
be  used  for  actual  practice  and  service. 

Extracting  lalljielre /ram  damaged  powder. —  However  useless  Gunponcfer  may 
have  became  as  a  propelling  agent,  whether  arising  from  immerBlou  in  the  sea,  ex- 
posure 10  weather,  or  being  dangerous  to  re- work  or  slore  in  niagazines,  from  grit,  etc, 
having  got  among;,!  it.  upwards  of  one-third,  in  fact  nearly  une-ltalf  its  original  value, 
on  always  he  regained  by  the  extraction  of  the  saltpetre,  96'5  per  cent,  of  which  can 
ly  the  following  opcralinu.     Eight  barrrls,  or  WOO  lbs.. 
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Water  leemi  at  onoe  to  laggeat  itself  as  best  ealenlated  to  iUfil  some  of  tlMN 
oonditioiis,  and  the  banks  of  a  rifer  or  bead  wbere  there  is  sniBcient  ftU  aad  water 
supply  would  undoubtedly  be  the  most  adraatageons  position,  both  as  regards  economy 
and  safety,  for  a  manufactory  of  this  description.  Such  a  position  would  also  preae&t 
gireat  facilities  for  the  conveyance  of  the  powder  from  one  stage  of  manufiMture  to 
another,  rendering  accident  less  likely ;  for  the  covered  boats  which  are  used  for  this 
purpose  can  be  brought  alongside  each  building  to  be  loaded,  and  the  powder  trans- 
ferred from  one  to  the  other  without  the  risk  that  other  means  might  entaiL 

They  should  be  so  situated  that  each  process  follows  neit  in  succession  to  the  pre- 
Tious  one,  thereby  preventing  a  great  deal  of  unnecessary  labour,  besides  lessening 
the  likelihood  of  danger,  from  powder  passing  backwards  and  forwards  in  front  of 
the  various  buildings.  The  magazine  for  the  finished  powder  should  be  as  frff  away 
as  possible  from  the  neighbourhood  of  the  manufactory,  and  situated  so  as  to  be  quite 
out  of  the  way  of  farm  buildings,  or  traffic  of  any  sort 

All  sheds  or  coverings  of  the  machinery  ought  to  be  separated  as  much  as  possible, 
and  every  operation  carried  on  in  detached  buildings,  so  that  any  explosion  or  fire  in 
one  should  not  affect  the  rest ;  this  should  be  particularly  attended  to  in  the  more 
dangerous  part  of  the  manufacture,  such  as  granulating,  pressing,  and  dusting,  where 
large  quantities  of  powder  are  generally  going  through  these  particular  stages.  Where 
space  is  limited,  this  object  can,  to  a  certain  extent,  be  attained,  by  placing  high 
traverses  of  earth  or  brick-work  between  each,  and  rows  of  poplar  and  other  trees 
should  be  cultivated,  and  planted  so  as  to  intersect  the  buildings,  being  found  ma- 
terially to  assist  these  artificial  means. 

The  Incorporating  Mills,  where  there  is  not  more  than  from  40  to  50  lbs.  working 
at  a  time,  are  found  safe  with  merely  a  corrugated  iron  division  between  them,  ex- 
tending rather  higher  and  wider  than  the  mills  themselves.  As  a  general  rule,  the 
fk>ors  of  all  buildings  are  covered  with  leather  tacked  to  the  wood,  copper  nafls  being 
invariably  used ;  all  projections  and  ledges  inside  should  be  avoided  as  much  as  pos- 
sible, as  they  harbour  the  powder  dust  which  floats  in  the  air. 

Every  precaution  should  be  taken  against  accident  by  explosion  or  fire  extending. 
In  the  Government  Factory,  engines  are  always  kept  with  hose  fixed,  and  everything 
ready  for  an  emergency,  some  in  floating  barges,  and  others  in  sheds  in  difiTerent  parts 
of  the  works,  and  the  whole  of  the  workmen  are  divided  into  detachments,  and  told 
off  to  theirrespective  engines,  each  one  having  two  foremen,  who  are  responsible  for  its 
being  kept  in  good  working  order,  and  who  drill  their  detachments  twice  a  month. 

To  prevent  friction  from  grit  getting  on  the  floors,  and  that  which  might  arise  from 
nails  in  boots,  no  one  is  allowed  to  enter  any  building  in  those  that  have  been  worn 
out  of  doors,  and  leather  slippers  are  provided  to  supply  their  place ;  in  consequence 
of  these  precautions,  very  few  accidents  occur  in  this  country,  particularly  those  of  a 
serious  character ;  for  the  small  explosions  which  do  happen  occasionally,  are  con- 
fined entirely  to  the  incorporating  process,  a  remedy  for  which,  in  some  slight  degree, 
I  have  pointed  out  in  a  former  chapter. 

In  nearly  all  the  private  establishments  abroad  that  I  have  visited,  there  appears 
to  be  a  total  neglect  of  any  of  the  above  precautions ;  all  the  processes  are  carried  on 
in  adjoining  buildings,  some  in  rooms  one  above  another.  Grit,  sand,  and  nails  in 
boots  never  seem  to  be  thought  of;  and  in  a  manufactory  in  Prussia,  where  I  pro- 
ceeded to  inspect  some  powder  for  the  British  Government,  the  examining  house  or 
magazine,  where  there  were  upwards  of  500  barrels  collected,  was  merely  a  slight 
wooden  building  close  to  the  stamping  mills,  powdet  in  it  being  so  thick  on  the  floor 
that  it  crumpled  under  one's  feet  like  frozen  snow.  One  manufacturer  told  me  he 
had  once  an  explosion  that  blew  up  a  great  part  of  his  factory,  the  effect  of  which 
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wu  rtdble,  tboBgk  muf  fean  had  cUpKd;  tfaeume  imeoneeniho»«Ter»ppaanlo 
prevHl,  >Bd  it  on  odj  be  ueiibed  to  the  iotcrfeT«ac«  of  ■  merdfnl  ProTideoce  that 
tbe«e  Modeati  are  Dot  of  mart  frequent  oceornaca. 
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It  a  not  mj  intention  to  enter  into  anj  detail  of  the  method  employed  on  thi 
CoDtinent  for  theprodoctioDof  Gunpondet;  but  itmarnot  beuDinterettiog  to  hate 
■  >li^ht  linowledge  of  it,  puticuUrlf  u  it  will  shoir  the  advantage  of  our  own  plan 
of  mannhcture,  prodndng  ai  it  doea  a  ponder  acknowledged  by  all  to  be  of  the  beat 
quality,  in  doratrility,  itreagth,  and  equality  of  range. 

Tlie  proportioni  of  the  three  ingreiiieata  vary  slightly  all  oier  the  Continent,  b^g 


aifollotn:- 


aaltpctn.    Chiregil.    Sulplnr. 


Bdginm ::  } 

75 

12-5 

Ruuia       

73-78 

1359 

PnuaU     

76 

135 

Anrtria     

7S-5 

13a 

Sp«in        

76-47 

10-78 

United  States  .  . 

76 

14 

The  nitre  ii  purified  in  a  similar  way  to  the  new  method  employed  at  Waltham 
Abbey,  though  it  ii  uldoni  obtained  with  lO  faint  a  tiace  of  chloride*,  owing 
probably  to  it*  Iwng  of  an  inferior  quality,  and  of  higher  refraction  when  it  ii 
imported. 

The  anlphur  ii  lupplied  to  the  manDfactoriei  in  the  form  of  roll  sulphur,  &om 
Maneilles  and  Bordeaux,  where  there  are  very  Urge  refineriet. 

The  charcoal  is  prepared  from  dogwood,  alder,  willow,  hazel,  and  poplar,  some- 
time*  in  pits,  and  occa*ional1y  in  cyliuden,  ai  at  Waltham  Abbey ;  at  Wetteren,  and 
in  some  part*  of  Fraoca,  it  is  distilled  by  the  action  of  steam.  The  "  charbon  roui," 
taking  ita  name  from  iti  browniah-red  tinge,  from  being  only  partially  bunied,  wa* 
nsed  formerly  more  than  now,  as  the  powder  made  from  it  waa  found  to  injure  and 
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eouiftfaig  of  ficom  riz  to  twehre  broaie  or  wooden  awrtan  boddoA  in  tiK  iooc  of  te 
building;  they  are  the  shape  of  the  Imtnm  of  a  cose,  the  mantk  being  nniA  nniw 
rower  than  the  base;  the  peitles,  or  stampars  as  they  are  cd]ed»  am  aiada  of  wood, 
shod  with  either  very  hard  wood  or  bnmzet  on  whSch  projeet  wooden  teeth  about 
twelve  inches  long;  a  vertical  movement  is  imparted  to  them  by  n  shaft  worind  by 
the  water-wheel  having  similar  teeth  attached ;  in  its  levolntion  it  raises  the  stamper 
abont  eighteen  inches,  which  falls  again  as  the  projection  ia  disengaged,  twenty-ive 
times  in  a  minute.  This  operation  is  carried  on  for  twelve  honis,dnring  whicii  period 
the  charge  (abont  15  lbs.)  is  moistened  at  intervals,  and  lonted  up  with  a  copper-shod 
spnd ;  at  the  end  of  this  time  the  cake  is  taken  ont,  and  left  to  dry  and  harden;  it 
seldom  receives  any  pressure — although,  in  some  mannfutociea,  presses  are  being 
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The  cake  is  then  granulated  in  sets  of  sieves  fitting  one  into  the  other,  havfag 
perforated  zinc  bottoms  of  different  degrees  of  fineness,  which  are  suspended  firom 
the  ceiling  of  the  room  by  ropes,  an  ash  spring  beuig  attadied  to  each  box  holding 
the  sieves ;  the  cake  is  put  into  the  uppermost  one  with  some  gun-metal  balls,  and 
shaken  backwards  and  forwards,  which  motion  the  spring  focQitates;  it  is  thna 
broken  up  into  different-sized  grains,  which  are  separated  by  passing  through  the 
several  meshes. 

The  grain  formed  is  then  dusted  in  bags  or  shaking-frames  covered  with  canvas, 
and  then  glazed  in  barrels. 

BTOYiMO,  on  DnTiive. 

In  summer,  the  process  of  drying  is  often  performed  in  the  sun,  and  in  vrinter  by 
the  steam  stove,  in  the  following  way.  The  powder  is  spread  about  three  or  four 
inches  thick  on  a  large  canvas  tray,  under  which  is  an  arrangement  of  pipes,  which 
convey  the  hot  air  forced  by  a  fsn  through  a  cylinder  heated  by  steam :  it  is  consi- 
dered to  be  sufficiently  dried  in  from  three  to  four  hours,  during  which  time  it  is 
occasionally  raked  about.  In  some  manufactories  it  undergoes  a  further  operation 
of  being  dusted,  and  is  then  barrelled  up  for  use.  Generally  the  great  fuling  in  the 
foreign  manufacture  is  the  neglect  of  the  principal  stage  of  the  fabrication,  viz.  in- 
corporation ;  with  the  old  stamping-mill,  it  is  quite  impossible  that  the  process  can 
be  carried  out  to  the  necessary  extent.  The  Continental  powder  is  usually  very  soft 
in  its  grain,  dusty,  and  quickly  absorbs  moisture  from  the  atmosphere ;  its  density 
is  below  the  English  powder,  on  account  of  its  never  being  subjected  to  pressure ; 
consequently  it  is  not  so  durable,  and  forms  a  good  deal  of  dust  in  transport;  a  great 
amount  of  residue  is  generally  left  in  the  gun,  and  its  strength,  as  a  propelling  agent, 
is  far  inferior  to  our  powders.  On  being  flashed  on  a  glass  plate,  instead  of  prodno- 
ing  a  sudden  concussion,  like  the  sharp  rap  of  a  hammer,  it  bums  more  like  compo- 
sition, throwing  off  a  quantity  of  sparks. 

I  have  tried  many  experiments  with  all  kinds  of  foreign  powder,  and  find  invariably, 
if  the  ingredients  are  pure,  that,  on  subjecting  it  to  an  hour-and-a-halTs  incorpora- 
tion, and  passing  it  through  the  remaining  different  processes, — in  (act  remanufactnring 
it, — that  its  range  will  be  increased  by  from  eighty  to  one  hundred  feet,  its  appearance 
and  goodness  in  all  respects  equalling  the  Waltham  Abbey  powder,  showing  clearly 
the  advantage  of  our  system. 

ON   THE    PURCHASE   AND    REFRACTION    OF   SALTPETRE. 

We  have  seen  that  saltpetre,  in  its  grough  state  as  it  is  imported,  is  combined  with 
different  deliquescent  salts,  some  samples  being  more  impure  than  others ;  it  becomes 
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Ifaerefora  neeMMrr  that  then  thoali  be  ume  meuii  of  snidiDE  the  purchuer  in  going 
into  the  nurket,  in  order  thit  he  mar  obtain  the  proper  proportiao  oF  the  pore  ma- 
terial for  the  price  paid  ;  the  difference  between  the  original  wn^t  of  a  certain  bulk 
ind  that  nhich  ii  left  after  reflaing  being  termed  the  refraction. 

In  tbe  trade,  the  allowed  refrtctioD  i)  S  lb*,  per  cwt., — that  ii  to  >ay,  if  aaltpebe 
wu  at  thirty  ihillingi  per  cwt.,  and  a  purchaaer  wiihed  to  bu;  lome  at  five  per  cwt. 
refraction,  thirtj'  abillingi  would  hire  to  be  paid  ;  but,  on  the  other  hand,  if  the  ra- 
fraction  waa  below  Bve  per  cwt.,  more  than  this  aum  would  have  to  be  paid,  aa  a 
greater  proportion  of  pure  nitre  would  be  obtained  in  the  prooeia  of  refining,  making 
it  conaaquently  more  Taloable ;  and  if  above  five  per  cwt.,  for  the  ume  reaion,  leai 
would  be  paid,  bang  of  an  inferior  deacription. 

To  make  the  method  of  purchaiing  perfectly  dear,  I  will  annei  a  table  of  five  tona 
refracted  laltpetre  from  1  to  IS  lb*,  per  cwt.,  and  *  broker's  invoice :  boa  thii  it  will 
^ipear  that,  according  as  the  refraction  is  above  or  below  the  atandard  five,  to  mnat 
tha  difference  be  aubtracted  from  or  added  to  the  grosa  we^bt,  to  arrive  at  the 
qoantity  to  be  paid  for ;  tare,  etc.,  being  taken  into  due  coniideration. 
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imrOICB,  AT  TBS  BBFKAOnOX  OV  5f  PSm  OWT. 

Cwt  tp.  lb.  240 

240  bags,  gross  weight      ...     348    3  21  9 

Tire  9  lbs.  per  bag.  drift  lib.      ^^     ^  ^^             Cwt.  «.  lb. 

P**^    21     120              21601bs 19    1     4 

-— 2401bs 2    0  16 

327    2    1  

Deduct    the    refractioii    of  21     I  20 

5f  lbs.  per  cwt* 2     15 

^     «.    A 

325    0  24  at  38«.  per  cwt 617  18    1 

Brokerage  1  per  cent. 6    3    6 

£624    1    7 


The  means  usually  adopted  by  merchants  to  test  for  the  refraction  is — ^by  melting 
a  portion  in  a  small  mould,  breaking  the  cake,  and  examining  the  fracture.  Should 
it  present  a  fibrous,  radiated  appearance,  without  any  small  lumps,  it  is  considered  to 
be  of  low  refraction ;  on  the  contrary,  if  these  appear,  it  indicates  the  presence  of 
salts ;  it  requires  however  a  practised  hand  to  form  any  correct  judgment  by  this 
method.  Brokers  and  merchants,  who  are  in  the  habit  of  examining  it,  can  judge 
pretty  accurately  of  its  purity  by  the  colour,  size  of  its  crystals,  and  general  ap- 
pearance. 

Oay-Lussac's  method  of  examining  nitre  consists  in  mixing  about  twenty  grains 
(accurately  weighed)  of  the  dried  specimen,  with  about  ten  grains  of  charcoal  pow- 
der, and  eighty  grains  of  chloride  of  sodium :  this  mixture  is  introduced  by  small 
portions  into  an  iron  crucible  heated  to  redness ;  the  fused  mass  is  dissolved  in  water, 
the  solution  coloured  with  litmus,  and  dilute  sulphuric  add  of  known  s^«ngth  added 
from  a  graduated  glass  until  a  slight  excess  has  been  employed,  which  is  known  by 
the  peculiar  bright-red  tint  assumed  by  the  solution.  The  number  of  measures  of 
add  employed  is  then  observed,  and  the  amount  of  nitrate  of  potash  to  which  they 
correspond,  calculated.  Forty  parts  (1  eq.)  of  sulphuric  add  (SO,)  correspond  to 
101  parts  (1  eq.)  of  nitrate  of  potash,  as  may  be  seen  by  the  following  equation, 
which  exhibits  the  action  of  the  carbon  upon  the  nitrate  of  potash : — 

2(KO,N04)  +  C5=2(KO,CO,)  +  N,  +  3C08; 
where  it  will  be  seen  that  every  equivalent  of  nitrate  of  potash  produces  an  equiva- 
lent of  carbonate,  which  requires  also  one  equivalent  of  sulphuric  add  fbr  its  neu- 
tralization.   The  chloride  of  sodium  is  merely  added  to  the  mixture  to  moderate  the 
violence  of  the  deflagration. 

A  falladous  result  yrill  be  obtained  by  this  method,  if  the  specimen  examined  con- 
tain sulphates,  as  they  are  reduced  to  sulphides  by  fbsion  with  charcoal ;  these  being 
decomposed  by  sulphuric  add  (with  disengagement  of  hydrosulphuric  add)  their  pre- 
sence will  involve  the  use  of  an  excess  of  the  test  acid,  and  a  consequent  excess  in 
the  calculated  percentage  of  nitre.  If  therefore  hydrosulphuric  add  is  detected  on 
the  first  addition  of  add  to  the  solution  of  the  fused  mass,  recourse  must  be  had  to 
some  one  of  the  other  methods. 

ANALYSIS   OF  OUNPOWDSR. 

In  a  former  part  of  this  Artide,  under  the  head  of  '*  Proof  of  Merchants'  Powder," 
I  have  described  shortly  the  method  of  determining  the  proportion  of  nitre  in  sam- 
ples of  Gunpowder.    To  ascertain  the  amount  of  the  other  two  ingredients  however 


•  WUeh  is  really  |  per  cwt. 
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reqniTei  nme  delicate  muipulition  i  and  ■>  it  istj  interest  wme  who  m*]'  be  ehe- 
miedly  inclined,  to  try  umplea  of  powder,  I  will  tnnBcribe  Abel  and  Bloiam'i 
method,  from  page  67B  of  tbeir  eicellent  work, '  Haadbook  of  Chemiitrr,'  in  order 
that  those  who  have  oottheadTantage  of  thiibook  may  be  able  to  anbject  Ganpowdec 
to  chemical  an«l7ti». 

"  1.  Deltrminalim  of  tfoitture, — About  twentf  grains  of  the  powder,  Ter;  finely 
fvlverUed,  are  exposed  oiret  lalpbnric  acid,  in  vacuo,  mitil  s  conit«nt  weigbt  is 
obtuaed. 

"  For  ndinsry  piuposes,  the  moittore  may  be  determined  by  eipoiiDg  the  powder 
to  the  temperatnre  of  the  mter-oten,  nnti]  it  ceasea  to  lose  weight.  A  slight  eicesa 
ii  gtnenlly  obtained  by  this  method,  since  a  small  portion  of  the  aulphnr  in  the 
powder  is  expelled,  together  with  the  moisture. 

"  2.  Deltnminaiion  of  NUre. — The  dried  powder  ii  transferred  to  a  imall  beakM;  in 
which  it  is  drenched  with  about  three  ounces  of  hot  water,  and  allowed  to  digest  for 
some  time  npon  a  aand-bath  at  a  moderate  best.  It  ia  then  throno  upon  a  filter  of 
known  weight,  preiiouily  moistened,  and  is  wubed  with  hot  water  until  a  drop  of 
the  filtrate,  which  must  be  carefully  collected,  leaves  no  residue  when  evaporated 
upon  ptatinam  foil.  The  filter  and  residue  are  then  dried  in  the  water-oven  (or,  atill 
better,  n  gocuo}  until  their  weight  is  constant.  The  difference  in  weight  between 
the  residue  (ninu  the  weight  of  the  filter)  and  the  powder  employed,  will  represent 
the  amonnt  of  nitre. 

"  To  control  this  result,  the  liltiate  and  washings,  obtained  as  above  directed,  are 
cuefuUy  concentraled  in  a  porcelain  dish  at  a  moderate  heat  upon  a  sand  or  air-bath, 
and  afterwards  transferred  to  a  weighed  platinum  (or  porcelain)  capsule,  and  evapo- 
rated to  dryBest  on  a  wat«r.bath ;  tbe  residue  is  then  exposed  to  a  temperature  of 
300°  Fahr.  (149°  Cent.)  in  an  air-bath,  until  il  ceases  to  lose  weight.  The  qaaotity 
of  nitre  is  thus  determined  directly. 

"  3.  Dtlerminalioiiqf  Su^hnr. — This  ingredient  may  either  be  detenoiped  directly, 
or  by  the  Ion  of  weight  sustained  by  dry  powder  upon  its  removal. 

"  Direct  Determination. — ■.  About  twenty  grains  of  the  dried  powder  are  mixed 
with  an  eqaal  weight  of  pure  carbonate  of  soda  (or  of  potash),  abont  twenty  grains 
of  nitre  and  dghty  grains  of  pure  chloride  of  sodium  are  then  added,  the  whole  inti- 
mately mixed,  and  then  submitted  to  fusion  in  a  plaUoum  crucible,  the  operation 
being  conducted,  and  the  solphnric  add  detennined  in  the  fused  mass,  in  the  maaas' 
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"  A  slight  loss  of  sulphur  by  this  method  is  unavoidable,  small  portions  being  car- 
ried off  mechanically  by  the  current  of  hydrogen,  if  ever  so  slow ;  while  a  small 
quantity  is  also  converted  into  hydrosulphuric  acid. 

**  By  adopting  the  following  modification  of  this  method,  very  accurate  results  may 
however  be  arrived  at : — 

"  Instead  of  a  tube  with  two  bulbs,  one  of  rather  wider  bore,  about  eight  inches  in 
length,  is  employed,  provided  with  only  one  bulb,  at  about  two  inches  from  one  ei- 
tremity  of  the  tube.  A  small  plug  of  dry  asbestos  having  been  introduoed  into  the 
long  arm  of  the  tube,  about  half-an-inch  distant  from  the  bulb,  the  fMrmer  is  iUed 
with  thin  filaments  of  dry  bright  oopper,  or  of  the  finely-divided  metal  reduced  from 
the  oxide  by  hydrogen.  The  tube  is  then  accurately  weighed,  the  dried  powder, 
from  which  the  nitre  has  been  removed,  introduoed  into  the  bulb,  and  the  weight 
again  ascertained — the  difference  will  give  the  amount  of  powder  employed.  The 
operation  is  then  conducted  as  before,  with  this  difference,  that  the  copper  is  first 
raised  to  a  red  heat,  and  maintained  at  that  temperature,  before  the  sulphur  is  ei- 
pelled  from  the  powder.  The  sulphur-vapour,  coming  in  contact  vrith  the  heated 
metal,  will  at  once  combine  with  it,  and  no  loss  whatever  is  sustained.  When  the 
operation  is  completed,  and  the  tube  is  cooled  down  sufficiently  to  be  handled  with- 
out inconvenience,  it  is  carefully  cut  between  the  asbestos  plug  and  the  bulb ;  the 
latter,  containing  the  charcoal,  is  then  placed  on  the  balance  while  warm,  and  ra- 
indly  weighed ;  the  lots  of  weight  expresses  the  amount  of  sulphur,  which  may  also 
be  directly  inferred  from  the  increase  of  weight  of  the  tube  containing  the  copper. 

*'  Indirect  Determination. — A  weighed  portion  of  the  dry  residue  of  carbon  and 
sulphur  left  on  extractijig  the  powder  with  water,  is  introduced  into  a  small  flask, 
and  boiled  for  some  time  with  a  solution  of  sulphide  of  potassium  or  of  sodium,  or 
of  sulphite  of  potassa  or  soda,  until  the  whole  of  the  sulphur  is  removed.  The 
carbon  is  then  collected  upon  a  weighed  filter,  well  washed,  dried  in  a  water-oven, 
and  weighed ;  the  difference  between  this  weight  and  that  of  the  original  residue  of 
carbon  and  sulphur  indicates  the  amount  of  the  latter,  which  must  now  be  calculated 
for  so  much  of  this  residue  as  would  be  furnished  by  100  parts  of  gunpowder;  the 
result  is  the  percentage  of  sulphur. 

**  The  alkaline  sulphides  or  sulphites  employed  to  dissolve  the  sulphur  must  be 
perfectly  free  from  caustic  alkali,  since  the  latter  is  capable  of  attacking  charcoal 
which  has  not  been  very  thoroughly  charred.  A  mixture  of  the  bisulphide  of  carbon 
and  alcohol  may  also  be  employed  to  extract  the  sulphur. 

**  The  results  obtained  by  the  indirect  method  are  invariably  too  low,  since  the 
extraction  of  the  sulphur  is  never  complete. 

**  4.  Determination  of  Carbon, — The  amount  of  this  constituoit  vrill  have  been  aa- 
certained  by  difference,  and  controlled  by  direct  weighing  in  the  preceding  determi- 
natious.  It  is  sometimes  necessary,  especially  when  charbon  roux  has  been  em- 
ployed, to  determine  the  amount  of  hydrogen  contained  in  the  charcoal ;  this  is 
effected  by  burning  a  weighed  quantity  with  oxide  of  copper  in  the  manner  to  be 
described  in  a  future  part  of  the  work,  under  the  head  of  Organic  Analysis." 


HEAT.* — He«t,inthe  ordiniry  applicttion  of  the  word,  gignifiw,  or  rather  impliei, 
the  KniitioD  experienced  upon  touching  i  bodjr  hotter,  or  of  k  higher  tempentnre, 
than  the  put  or  pirta  which  we  bring  into  contact  with  it :  in  knotber  aeuK,  it  i> 
Died  to  eipreu  the  etaie  of  thit  lenulioD.  To  noid  any  ambiguity  that  may  kriae 
Irom  this  doable  uae  of  the  ume  eipreaajon,  it  is  aaual  and  proper  to  employ  the  word 
Calorie  to  aipiify  the  prindple  or  cause  of  the  leDMtion  of  heat.  On  touching  ■  hot 
body,  caloric  pauei  from  it,  and  eicitei  the  feeling  of  warmth  ;  when  we  touch  a 
body  hATing  a  lower  temperature  than  our  hand,  caloric  ptMea  from  the  hand  to  it, 
and  thui  arijai  the  aeuiation  of  cold. 

Caloric  i>  uiually  treated  of  ai  if  it  were  a  material  lubstance ;  but,  like  %hl  ud 
electricity,  iti  true  nature  hai  yet  to  be  determined. 


Caloric  paaaet  through  different  bodiea  with  different  degrees  of  velocity.  Tfaii 
hai  led  to  the  diniion  of  bodiea  into  eonduetori  and  nm-etnduclori  of  caloric ;  the 
former  includes  auch  bodies  as  metala,  which  allow  eatoric  to  pus  freely  through  their 
aobetancej  and  the  latter  comprises  those  that  do  not  give  an  easy  passage  to  it,  auch 
H  Stone*,  glass,  wood,  charcoal,  etc. 

Tailt  of  tht  rdatitt  Canduetmg  pmitr  qf  different  Bvditi. 

Goia 1000      Platinum 9B1 

Silver 973      Copper 898 

Iron 374      Zinc 363 

Tin 304      Lead 180 

Marble 24      Porcelain 122 

Pire-brick 11      Fire-clay 11-4 

Wiik  Water  at  the  Standard. 


Witcr 100 

Lamp-black 100 

Writing  paper 100 

Glau 90 

Indian  Ink 88 

Bright  lead 19 

Silfer 12 
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RADIATION    OF   CALORIC. 

When  heated  bodies  are  exposed  to  the  air,  they  lose  portions  of  their  heat,  by 
projection  in  right  lines  into  space,  from  all  parts  of  their  surface. 

Bodies  which  radiate  heat  best,  absorb  it  best. 

Radiation  is  affected  by  the  nature  of  the  surface  of  the  body ;  thus,  black  and 
rough  surfaces  radiate  and  absorb  more  heat  than  light  and  polished  surfaces. 

Table  of  the  Radiating  Power  of  different  Bodies, 

Blackened  tin 100 

Clean          ,; 12 

Scraped       „ 16 

Ice 85 

Mercury 20 

Polished  iron 15 

Copper 12 

Ruction  of  Calorie  differs  from  Radiation,  as  the  caloric  is  in  this  case  reflected 
from  the  surface  without  entering  the  substance  of  the  body :  hence  the  body  which 
radiates,  and  consequently  absorbs  most  caloric,  reflects  the  least,  and  vice  tered, 

8PKCIFIC    CALORIC 

Specific  Caloric  is  that  which  is  absorbed  by  diff'erent  bodies  of  equal  weights  or 
volumes  in  attaining  an  equal  temperature,  based  upon  the  law,  acknowledged  as 
universal,  that  eimilar  quantities  of  different  bodies  require  unequal  quantities  of 
caloriCt  to  maintain  any  given  temperature.  Dr.  Black  termed  this.  Capacity  for 
caloric ;  but  as  this  term  was  supposed  to  be  suggested  by  the  idea  that  the  caloric 
present  in  any  substance  is  contained  in  its  pores,  and,  consequently,  the  capacities 
of  bodies  for  caloric  would  be  inversely  as  their  densities ;  and  such  not  being  the 
case,  this  word  is  apt  to  give  an  incorrect  notion,  unless  it  is  remembered  that  it  is 
but  an  expression  of  fact,  and  not  of  cause ;  and  to  avoid  error,  the  word  speciflc  was 
proposed,  and  is  now  very  generally  adopted. 

It  is  important  to  know  the  relative  specific  caloric  of  bodies.  The  most  conve- 
nient  method  of  discovering  it  is  by  mixing  different  substances  together  at  different 
temperatures,  and  noting  the  temperature  of  the  mixture ;  and  by  experiments  it 
appears  that  the  same  quantity  of  caloric  imparts  twice  as  high  a  temperature  to 
mercury  as  to  an  equal  quantity  of  water;  thus,  when  water  at  100°  and  mercury  at 
40^  are  mixed  together,  the  mixture  will  be  at  80°,  the  20°  lost  by  the  water  causing 
a  rise  of  40**  in  the  mercury ;  and  when  weights  are  substituted  for  measures,  the 
fact  is  strikingly  illustrated  ;  for  instance,  on  mixing  a  pound  of  mercury  at  40**  with 
a  pound  of  water  at  160^,  a  thermometer  placed  in  it  will  stand  at  155^  Thus  it 
appears  that  the  same  quantity  of  caloric  imparts  twice  as  high  a  temperature  to 
mercury  as  to  an  equal  volume  of  water,  and  that  the  heat  which  gives  5**  to  water 
will  raise  an  equal  weight  of  mercury  115°,  being  the  ratio  of  1  to  23.  Hence,  if 
equal  quantities  of  caloric  be  added  to  equal  weights  of  water  and  mercury,  their 
temperatures  will  be  expressed  in  relation  to  each  other  by  the  numbers  1  and  23 ; 
or,  in  order  to  increase  the  temperature  of  equal  weights  oi  those  substances  to  the 
same  extent,  the  water  will  require  23  times  as  much  caloric  as  the  mercury. 

The  rule  for  finding  by  calculation,  combined  with  experiment,  the  relative  capa- 
cities of  different  bodies,  is  this : 

Multiply  the  weight  of  each  body  by  the  number  of  degrees  lost  or  gained  by  the 
mixture,  and  the  capacities  of  the  bodies  will  be  inversely  as  the  products. 

Or,  it  the  bodies  be  mingled  in  unequal  quantities,  the  capacities  of  the  bodies 
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Hill   be  reciproctll;  u  the  qumtilieB  of  mittcr,  nmltiplied  into  thnr  T«^ectiTe 
cttugM  <rf  tcmpenture. 

The  general  Jach  rejecting  epeeifie  atiorie  areatfilloiee! — 

1.  Erery  anbttaacc  bM  « ipecific  beit  pecoUir  to  itaelf,  whence  ■  chuige  of  oom- 
potiUon  vrill  be  tttended  b;  t  chaoge  of  CBpacitf  far  caloric 

2.  The  ipecific  heat  of  a  body  lariei  with  ita  form.  A  ulid  bu  •  leu  opicit; 
for  caloric  than  the  uune  mbstanee  when  in  the  itale  of  «  liquid ;  the  ipcdfic  he*t 
of  water,  for  inatancc,  being  9  in  tbe  tolid  atile.  and  10  in  the  liquid. 

9.  The  tpedflc  beat  of  equal  weigbtB  of  the  same  gai  iDCreiMi  t*  the  denaitr 
decreuet  i  the  euct  nte  of  inereaie  ii  not  known,  but  the  ratio  ii  lew  n^  thai 
the  diminutioQ  in  deniil;. 

4.  Change  of  capKit;  for  caloric  Hlwtyi  occuiODS  »  change  of  temperature.  It- 
ereaae  in  the  former  ii attended  by  dimiaution  of  Ihe  latter;  a  portion  of  theacotible 
beat  becoming  absorbed  and  latent,  and  vice  vertd. 

Tabitt  qf  lit  Spteifie  Ural  of  varutui  Subilancei. 
1.  Air  taken  aa  nnilj. 

Air 1-000 

Hydrogen 903 

Carbonic  add 1'26B  -828 

Oxygen '876  -884 

OteGant  ga« 1-SS3  1'&7S 

The  ipedBc  heat  of  tbe  foregoing,  compared  with  that  of  an  eqoal  qoaatity  of 

Water 10000  I   Hydrogen 8-293 

Air '2660      Carbonic  acid -221 

Oxygen 2361   |   OleGant  gu -420 

2.  Water  taken  ai  unity,  the  weighta  equal. 


ii:iiul  Wil^u. 
1-DOO 
12-840 
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Latini  Calorie  U  that  which  is  insensible  to  the  touch,  or  inctpable  of  being  de- 
tected by  the  thermometer.  The  quantity  of  heat  necessary  to  enable  ice  to  assume 
the  fluid  state  is  equal  to  that  which  would  raise  the  temperature  of  the  same  weight 
of  water  140° ;  and  an  equal  quantity  of  heat  is  set  free  from  water  when  it  assumes 
the  solid  form. 

If  S^lbs.  of  water,  at  the  temperature  of  32°,  be  placed  in  a  vessel  communicating 
with  another  one  (in  which  water  is  kept  constantly  boiling  at  the  temperature  of 
212°),  until  the  former  reaches  the  temperature  of  this  latter  quantity,  and  be  then 
weighed,  it  will  be  found  to  weigh  6^  lbs.,  showing  that  1  lb.  of  water  has  been 
received  in  the  form  of  steam  through  the  communication,  and  re-couTerted  into 
water  by  the  lower  temperature  in  the  vesseL 

Now  this  pound  of  water,  received  in  the  form  of  steam,  had,  when  in  that  form, 
a  temperature  of  212°.  It  is  now  converted  into  the  liquid  form,  and  still  retains 
the  same  temperature  of  212^ ;  but  it  has  caused  5^  lbs.  of  water  to  rise  from  the 
temperature  of  32°  to  212°,  and  this  without  losing  any  temperature  of  itself.  It 
follows,  then,  that  in  returning  to  the  liquid  state,  it  has  parted  with  5^  times  the 
number  of  degrees  of  temperature  between  32°  and  212°,  which  are  equal  180*^,  and 
180°  X  5iB990°.  Now  this  heat  was  combined  with  the  steam ;  but  as  it  was 
then  not  sensible  to  a  thermometer,  it  was  called  Latent. 

It  is  manifest,  then,  that  a  pound  of  water,  in  passing  from  a  liquid  at  21 2o  to 
steam  at  212°,  receives  as  much  heat  as  would  be  sufficient  to  raise  it  through  990 
thermometric  degrees,  if  that  heat,  instead  of  becoming  latent,  had  been  Sensible, 

The  turn  of  the  eentible  and  latent  heat  of  eteam  ie  ahoaye  the  tame  at  any  one 
ten^erature  ;  thus,  990°  +  212°  » 1202°. 

If  to  a  pound  of  newly-fallen  snow  were  added  a  pound  of  water  at  172°,  the  snow 
would  be  melted,  and  32°  would  be  the  resulting  temperature,  138°  of  heat  becoming 
latent  in  the  melted  snow. 


Latent  heat  of  varioue  Subttaneee. 

Fluids. 

Ice 140° 

Sulphur 144 

Lead 162 

Bees'-waz 175 

Zinc 493 


Vapours. 

Steam 990° 

Vinegar 875 

Ammonia 860 

Alcohol 442 

Ether 302 


Seneible  Caloric  is  free  and  uncombined,  passing  from  one  substance  to  another, 
affecting  the  senses  in  its  passage,  determining  the  height  of  the  thermometer,  and 
giving  rise  to  all  the  results  which  are  attributed  to  this  active  principle. 

To  reduce  the  degrees  of  a  Fahrenheit  thermometer  to  those  of  Reaumur  and  qfthe 
eeniiyrade ;  the  Zero  of  the  Uiawmur  scale  being  at  the  freezing  point,  and  80°  at 
the  boiling  point,  whilst  the  xero  of  the  centigrade  is  at  the  freesing  point,  and  100° 
at  the  boiling, 

FAHRENHEIT  TO   RfCAUilUR. 

RoLK.-— Multiply  the  number  of  degrees  above  or  below  the  freezing  point  by  4 
and  divide  by  9. 

Thus,  212°-32»180x  4»720+9:=80,  Ans, 

+  24°-32=  -8x4=  -32+9-  -3-5,  >#«#., 
or  3*5  below  zero. 

R  2 


Rtn.*. — Hultipl;  tht  nnmber  of  degreei  above  or  below  the  ineaag  point  bj  5, 
•nd  ditide  bj  B. 

Thut,  212''-32=  180  X  5  =  900+  9  =  100,  Jm. 
Or,  multiply  tbe  degreei  of  Fthreaheit  hy  '4-14  foi  reducing  them  to  lUkumor,  lod 
b;  -555  for  reducing  them  to  centigriule. 

Medium  Heat  ol  the  Globe  is  pUced  at  50°j  at  the  torrid  lone,  75° ;  at  modetate 
elimatea,  50*;  near  the  polar  regions,  36°. 

The  eitremes  of  nalvral  lutt  tie  from  — 70°  to  120°;  of  artiflelal  heat,  from 
-91°  to  36,000°. 


Evaparation  prodncea  cold,  becanse  caloric  must  be  absorbed  in  ihe  forniatian  of 
fapoor,  a  large  qoaatity  of  it  psaung  from  a  sensible  to  a  lilenl  state,  the  capacity 
for  heat  of  the  Tapour  formed  being  greater  than  (hat  of  the  Quid  from  nhich  it 
proceeds. 

Evaporation  proceeds  only  from  the  lurfaceof  the  Buidi,  and  therefore,  o(il«r  thimgt 
equal,  muit  depend  apoD  the  eitent  of  surface  exposed. 

When  a  liquid  it  coiered  by  a  stratum  of  dry  air,  evaporalion  is  rapid,  even  nhen 
the  temperature  ii  low. 


Water  on  freezing  givei  out  140°  of  heat.  Water  may  )«  cooled  to  20°.  AU  solids 
absorb  caloric  when  becoming  fluid. 

The  particular  quantity  of  caloric  which  is  required  to  maintain  a  aubstauce  fluid  ii 
called  its  caloric  of  fluidity,  or  latent  heat. 

Tbe  caloric  absorbed  in  liquefaction  i>  given  out  again  in  freezing. 

Fbadi  boil  in  vacuo  leith  124"  leu  of  ieai  fAon  wAeH  under  the  pretmre  q/*  thr 
afnuupAetv.  On  Moal  BUok,  tealer  Mil  at  187°-  This  fact  was  ingeniously  applied 
by  Wolhuton  to  the  determioetion  of  altitude*  by  the  temperature  of  tbe  boiling 


Diatillatioa  ie  a  double  proceas,  combining  evaporation,  or  the  formation  of  vapour. 
In  Ihe  flrat  inatanee ;  and  in  the  second,  condensation,  or  the  reduction  of  that  vapour 
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Bum,  melts 1900 

Red  hett,  Tiiible  by  day 1077 

Iron,  red-hot  in  twilight 884 

Common  fire 790 

Iron,  bright  red  in  the  dirlc 752 

Zinc,  melts 740 

QnicksUTer,  boils 030 

Linseed  oil,  boils 600 

Lead,  melts 594 

Bismuth,  melts 476 

Tin,  melto 421 

Tin  and  binnnth,  equal  parts,  meU 283 

Tin  3  parts,  bismuth  5,  and  kid  2,  mdt 212 

Alcohol,  boUs       174 

Ether,  boils 98 

Human  blood  (heat  oO 98 

Strong  wines,  freeze 20 

Brandy,  freezes 7 

Mercury  melts —39 

Wedgwood's  zero  is  1077*  of  FihrenheK,  and  each  of  his  degrees  is  equal  to  130° 
of  Fkhrenheit. 

Note, — Late  experiments  haie  shown  the  previous  computations  for  eitreme  heats 
to  be  erroneous. 

MI8CELLANBOI78. 
FRIOOEIFIC    mXTUASB. 


Miztiurea. 

Nitrate  of  ammonia     ...  1  part 

Water 1    „ 

Phosphate  of  soda       ...  9  parts 

Nitrate  of  smmonia     .    .    .  6    ^ 

Dilute  nitric  acid    ....  4 

Sulphate  of  soda     ....  8 

Muriatic  add 5 

Snow 2 

Muriate  of  lime 3 

Snow 8 

Dilute  sulphuric  acid  .    .    .10 

Snow 3 


n 


ff 


If 


ft 


»> 


Potash 4 


f» 


fklb, 
ordtgiMaofeold 

prodnetd.  DagrsM  of  VUmDlMU. 


46* 

71'* 

50*' 
53*» 
22° 

83® 


From  •*-  dO^'to  -»•  4** 


From  ■¥  50^  to- 21*' 


From  -»•  50**  to       0^ 


Fhmk  -  15**  to-  68^^ 
From  -  68**  to-  90® 
From  -¥  W  to-  51® 


■XPA.N8I0N   OF   SOLIDS. 

At  212**,  the  length  of  the  bar  at  32^  considered  as  1*0000000. 


Glass -0008545 

PUtina 0009542 

Cast  iron -0011112 

Steel -0011899 

Marble 0011041 

Forged  iron -0012575 

Granite -0007894 


Gold -0014950 

Copper     -0017450 

Brass -0019062 

SOyer -0020100 

F!re.brick -0004928 

Lead '0028436 

Zinc -0029420 


To  find  the  expansion  in  turfaee  or  in  volume,  it  nnut  be  remembered  thai  each 
dimemion  of  a  toUd  experiencee  a  timHar  proportional  expansion. 


TUb  i^tla  S^poMton  i^ Air  tf  Htal^Bf  Hk.  Daitow. 


.  1000 
.  1002 
.  100< 
.  1007 
.  1021 
.  1032 


.  1043 
.  lO&S 
.  1066 
.  1077 
.  1089 
.  1099 


Fihmnbrit. 

Wtdff-ood. 

-90° 

GrMtMt  cold  ever  ptodneed. 

-SO 

Nitonl  cold  It  Rndioii'i  Ba;. 

0 

Snow  and  Mlt,  eqnsl  p»rt». 

60° to  77 

7B 

8B 

AMtiflwtion  end*. 

63S 

Lowot  hat  of  ipdtlim  of  iron  id  the  duk. 

800 

8490 

sr 

WoikiDg  beat  of  plate  glau. 

14337 

102 

Stone  ware,  fired. 

16807 

124 

Qreateat  heat  of  plate  glaiB. 

S5137 

186 

Greateri  heal  obBcrred. 

3  parta,  hiimnth  b  parti  melti  at 81X° 

4  „  „        5      „    melt*  at 246 

1  „  „        1      „    melta  at 286 

2  „         .,        1      „    melt!  at 336 
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it  gives  oat  by  radiation  whilst  burning  has  been  considered  even  greater  than  that  of 
wood. 

PRACTICAL   DISTRIBUTION    OF   HEAT. 

The  distribution  of  heat  in  warming  buildings  may  be  regulated  on  either  of  th^ 
following  systems  or  principles : — 

1.  By  open  Fire-plaeet,  in  which  the  air  of  the  room  is  heated  by  radiation  from 
the  burning  fuel.  In  this  system,  heating  and  yentilation  are  combined,  as  the 
smoke-flue  continually  draws  away  a  large  quantity  of  air,  which  must  be  replaced  by 
the  external  air  entering  either  by  doors,  windows,  or  apertures  specially  contrived 
for  the  purpose.  As  much  of  the  air  drawn  off  has  been  heated,  but  not  dispersed 
through  the  rooms  or  buildings,  there  is  a  great  loss  of  heat  in  every  apparatus  of 
this  kind,  which  increases  in  proportion  to  the  force  of  draught  and  size  of  the  throat 
to  the  flue.  To  obtain  the  g^reatest  effect  from  an  open  fire-place,  the  throat  of  the 
flue  should  be  no  larger  than  is  absolutely  necessary  to  maintain  an  efficient  draught, 
and  should  be  so  placed  as  to  keep  the  radiating  flame  as  long  as  possible  in  view  ; 
or  if  it  be  made  on  the  Sandbam  principle,  immediately  above  and  at  the  back  of  the 
friel,  the  flame  should  pass  behind  a  curved  or  inwardly-inclined  metallic  back,  which 
would  then  become  the  radiating  surface,  as  otherwise  the  loss  of  heat  must  be  very 
great. 

2.  By  Stovett  containing  the  fuel  within  them.  The  heat  from  iron  stoves  may  be 
made  very  great,  and  they  are  therefore,  when  on  good  constructions,  very  efficient 
means  of  heating,  were  amount  of  heat  alone  to  be  considered ;  but  as  the  quantity 
of  air  drawn  off  for  the  consumption  of  the  fuel  is  comparatively  small,  and  the  air  in 
contact  with  highly  heated  metal  is  much  vitiated,  they  are  inadequate  as  ventilators, 
and  become  injurious  to  respiration.  Basins  of  water  placed  on  such  stoves,  remove 
the  sense  of  dryness,  but  do  not  restore  its  purity  to  the  vitiated  air.  By  substituting 
for  metal  less  conductible  materials,  and  increasing  the  quantity  of  matter  to  be 
heated,  other  forms  of  stoves  are  produced,  which,  by  not  heating  the  air  in  contact 
with  them  to  so  great  a  degree,  are  less  objectionable,  though  as  ventilators  they  are 
equally  imperfect :  the  large  German  stoves  are  of  this  description. 

3.  By  Steam. — The  steam  is  on  this  principle  carried  by  pipes  through  the  build- 
ings. If  the  temperature  of  the  pipes  falls  below  212°,  the  steam  is  condensed,  and, 
occupying  as  water  only  a  very  small  portion  of  the  pipes,  their  temperature  rapidly 
decreases,  and  the  change  of  temperature  in  the  room  is  immediate.  In  keeping  the 
temperature  up  to  212°,  it  is  very  difficult,  the  pipes  being  small,  to  avoid  a  dangerous 
augmentation  of  temperature,  which  may  either  lead  to  cracks  of  the  pipes,  or  to 
accidents  by  inflaming  substances  in  contact  with  them,  and  these  are  strong  objec- 
tions to  this  system.  On  this  and  on  the  following  systems,  ventilation  must  be 
considered  apart  from  heating,  though  the  combustion  of  the  fuel  may  here,  as  in 
fire-places,  or  in  stoves,  be  made  the  prime  mover  of  that  operation. 

4.  By  Hot  fFater,  direct. — In  this  system,  pipes  are  carried  frx>m  a  boiler,  first 
directly  to  the  rooms  to  be  heated,  and  then  return  to  the  boiler.  The  circulation  of 
the  hot  water  through  these  pipes  produces  the  heat,  and  as  a  very  moderate  eleva- 
tion of  temperature  is  sufficient  to  produce  an  efficient  circulation  of  the  fluid,  there 
is  no  necessity  for  raising  the  heat  in  the  pipes  beyond  200°,  the  required  tempera- 
ture in  the  rooms  being  secured  by  the  length  and  size  of  the  pipes.  This  is  a  very 
great  advantage,  as  it  removes  all  chance  of  danger  from  accidental  combustion,  and 
of  vitiation  of  the  air  by  over-heating.  The  precaution  to  be  taken  is,  so  to  regulate 
the  expansion-pipe  and  air- valve  as  to  prevent  any  accumulation  of  air  in  elevated 
parts  of  the  pipes,  as  the  current  would  be  stopped  by  its  expansion  and  resistance. 
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5.  Bf  Hot  Walrr,  indirect. — Hen  the  hot-wita  pipei  pan  tbiongh  an  air 
chuubcT,  Bad  the  eir  tbua  heated  ii  conducted  b;  tnbei  or  flnea  into  the  Mienl 
chtinber)  or  roomi  to  be  heited.  Thii  hu  ku  kdT»Dt>g«  in  Urge  military  boildingi, 
■a  the  ipparttDt  ma;  be  placed  in  ■  batement,  and  therefore,  with  the  inpea,  removed 
Ihiiii  the  ehtnce  of  injury. 

6.  Sf  Hot  Water,  higih  presaure. — Here  the  eipiniion  of  the  water  hj  the  ex- 
panHOD-tab«  i*  itopped,  and  the  water  ii  tberebj  allowed  to  attain  •  higgler  tern- 
permtare  than  that  of  boiling  water.  Stronger,  but  imaller,  pipei  are  here  re- 
quired ;  but  aa  they  are  subject  to  accident  from  careless  management,  and  become 
dtngtrous,  like  atetin  pipea,  from  accumulBtiou  of  heat,  the  ijitem  is  not  ki  be  re- 
commended. 

7.  By  Hat  Air. — Here  the  air  circulate*  round  a  itoYe  or  heater,  and  la  then  con- 
dueled  b;  fluea  to  the  room*  i  but  u  tbe  air  ii  Titiated  in  the  aame  manner  u  bji 
eontcct  with  common  itovea,  and  may  attain  ■  dangcroua  elevation  of  temperature, 
lh«  ayitero  i*  not  equal  to  either  4  or  5. 

The  details  of  these  methods  will  be  given  under  "  Warming  and  Ventilation  of 
Buildii^."— J.  E.  P. 


HORSE — PowiBs  or  THE. — Like  all  other  animal  powers,  that  of  the  horse  may 
be  applied  in  two  ways  i  the  fini  being  that  in  which  it  ii  made  to  move  forward, 
with  or  without  a  load ;  the  second  being  that  in  which  it  is  attached  to  a  portion 
of  machinery,  upon  which  it  either  eiereiaes  an  effort  of  traction  or  of  pressure.  Thii 
effort  is  subsequently  trantmitted  to  another  portion  of  the  machinery  in  immediate 
commnnicalion  with  the  resiatance.  The  tu^fnl  daify  labour  of  any  animal  power  is 
that  developed  within  U  hour*.  Of  courae  the  duration  of  the  effective  effort  only 
occupies  a  portion  of  the  day,  the  remainder  being  necessarily  occupied  by  the  periods 
of  repose  or  of  refreihrnent. 

The  regularity  and  the  moderation  of  the  effbrt  exerted  daily  has  very  great  influ- 
ence upon  the  preservation  of  the  animals.  Whatever  may  be  the  description  of 
machine  to  which  they  may  be  attached,  the  labour  must  be  regulated  >□  a*  not  to 
exceed  the  limit*  of  their  natural  powers.  These  limits  may  be  ascertained  by  observ- 
ing the  fatigue  the  animals  suffer,  and  it  may  be  speciRcelly  designated  aa  the  da^ 
fiUigiu.     But  it  is  necessary  to  obaene,  that  the  daily  fatigue  of  all  animal  power* 
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€f  Mt  4MMf  ^Mtf  ^fofM.— The  grsitett  speed  nudntiiiied  bj  a  bona,  dmiag  te 
ipaoe  of  from  7  to  8  minatei,  of  whidi  any  antheatie  reeordi  edit,  is  about  eqoal  to 
16-44  yards  per  second,  or  986*40  yard!  per  ninute ;  it  wat  on  the  oocarioB  wben  *  njr- 
Dg  Childers'  ran  orer  the  Beacon  Course  at  Newmarket  (7S98  yards)  fai  7  mfanites 
and  SO  seconds.  *V!retail/  in  1772,  ran  one  mile  in  64  seconds,  or  at  the  rate  of 
27-2  yards,  nearly,  per  second;  hot  the  greatest  speed  maintahied  by|i  horse  carrying 
merely  the  rider,  without  load,  for  an  hoar,  has  not  mndi  exceeded  twenty  mSlea  an 
boor,  or  about  9*8  yards  per  second.  It  has  also  been  observed  that  a  bofte  esnied 
ita  rider  only,  ofer  a  road  in  the  form  of  an  8  laid  on  its  side,  at  the  rate  of  about 
13-4  yards  per  second,  for  a  space  of  211  seconds ;  and  that  when  harnessed  to  near 
it  oonld  maintain  a  speed  of  about  12  yards  per  second  for  about  13S  seconds ;  but  if  the 
latter  eflbrt  be  maintained  for  an  hour,  it  will  Tery  rarely  ei|nal  1\  yards  per  second. 

The  greatest  speed  for  a'running  horse  may  then,  for  a 

short  distance,  be  taken  at  about 27  yards  per  second. 

Fbr  a  few  minutes,  at 16    „  „ 

For  an  hour 9)  „  „ 

The  greatest  speed  when  drawing  a  light  car  for  a  short 

distance,  may  be  V^en  at 13^  n  %% 

For  one  boor  it  would  be 'i\  n  t* 

CaTalry  horses  generally  make  in  a  minute,  at  or^nary  pace,  120 

steps,  and  they  cover 110  yards; 

At  a  trot,  180  steps 220      ^ 

At  a  gallop,  100  steps  « 352      „ 

From  which  it  would  appear'that  the  length  of  the  stride  at  the  ordinary  pace  is  about 
0-917  yard,  and  that  the  Telocity  corresponds  to  about  1-84  yard  per  second;  at  a 
trot,  the  stride  is  about  1*23  yard,  and  the  speed  about  3-68  yards  per  second  \  and  at 
a  gallop,  the  stride  is  about  3*52  yards,  with  a  speed  of  5*87  yards  per  second.  TIm 
length  of  the  stride  therefore  increases  with  the  speed,  and  this  is  accounted  for  by 
the  feet  that  the  horse,  at  higher  Telodties,  leaps  forward  at  the  same  time  that  ha 
advances. 

A  good  horse  carrying  a  soldier  of  the  baggage-train  with  his  srms  and  accoutre- 
meats,  supposed  to  weigh  about  225  lbs.,  can  travel,  vrithout  over-exertion,  25  miles 
in  a  day  of  from  7  to  8  hours ;  his  speed  in  this  case  would  be  between  about  1*75 
yard  and  1*53  yard  per  second. 

The  weight  of  an  average-sized  horse  is  about  from  8  to  12  cwt 

Cfthe  Draught  qfthe  Hone, — For  short  distances  and  small  speeds  it  is  usual  to 
make  the  load  a  horse  'u  required  to  draw  equal  to  one  ton  avoirdupois ;  but  carriers 
rarely  require  their  horses  upon  long  stages  to  draw  more  than  from  14  to  15  cwt 

The  effort  a  superior  draught-horse  is  able  to  exercise,  at  what  is  commonly  called 
a  dead  pull,  is  considered  to  vary  between  216  lbs.  and  400  lbs. ;  the  latter  being  the 
average  force  of  the  Norman  breed  of  cart-horses,  one  of  the  finest  in  Europe.  The 
road  waggons  in  that  country  generally  travel  about  25  miles  in  eight  hours  upon  a 
good  horizontal  road,  and  the  horses  rest  during  the  remainder  of  the  24  hours. 
Under  these  circumstances  the  horses  move  at  a  speed  of  about  1*53  yard  per  second. 

It  is  customary  in  England  to  cslculate  the  effective  draught  of  a  horse  moving  at 
the  rate  of  six  miles  an  hour,  as  being  only  one-fourth  of  that  which  he  exercises 
when  moving  the  load  from  a  state  of  rest  But  M.  Gueniveau  ascertained  that  the 
diligence  horses  moving  constantly  at  a  trot,  with  a  speed  of  7i  miles  per  hour,  only 
lost  -ff  of  that  power.  He  found  that  the  horses  upon  which  his  observations  were 
made  exercised  at  that  speed  an  effort  equal  to  about  198  lbs.,  which  is  much  in  ex- 
cess of  our  usual  calculations,  and  may  again  be  accounted  for  by  the  difference  of 
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noM.  In  oar  own  ooiutrT  Um  tcndeocj  hu  been  of  Utc,  la  EMt,  to  mltinte  ipeed 
■t  the  expome  or  th«  efflKtira  dnugbt  of  the  hone.  The  dUi^ence  honea  expaci- 
tnented  upon  bj  U.  OueniTeu  tnTolled  *t  tbe  rate  of  240  jardi  per  ucond. 

Taking,  howner,  the  effective  dnnght  of  the  eurio'e  hone  at  40011m.,  and  the 
diitaoce  generallj  traveUed  by  bim  to  be  25  mile*  per  itj ;  end  tbe  efltetiTc  dna^t 
of  the  «Io«  coach  hone  at  198  Ibi.  for  a  mean  diitance  of  H  miles ;  the  djOAiBleal 
action!  will  be  expre««ed  b;  the  quaotitiei  10,000  and  47SS  mpectiTelj',  or  in  the 
ntioof  100  1  l!'i2. 

Tbe  Table  ginn  by  Mr.  Gord<m  to  illoitrate  the  (Act  of  leloeitj  upon  tbe  mefe) 
effort  I  hone  can  exert,  thowi  leij  different  reaulti  from  thote  obtained  bj  H.  One- 
mreaii ;  and  indeed  tbe  latter  are  >o  br  in  excei*  of  the  perfbrmaoee*  of  the  ardinarj 
deacription  of  hortei,  that  perbape  it  ma;  be  aafer  to  adopt  Hr.  Gordon'i  reanha. 
For  the  fadlitf  of  eompariioai  the  figurei  of  bii  Table  biiebcen  changed,  brredneing 
them  to  proportjoni  of  tbe  ume  unity  i  end  the  power  of  a  hone  drawing  a  load  at  a 
idodty  of  3  milei  per  hour  ha*  been  taken  ai  the  itandard.  It  will  be  Ken  at  once 
how  Tei7  important  an  induence  the  velocity  eierciiet  upon  tbe  uieful  effect. 


Table  rif  pntportkmaie  Uadt  to  differenl  vtloeitin  I  fie  load  drawn  <ri  li* 

ntleeilg  cff  3  mUn  per  haiar  ieinf  laien  ai  anjly. 

The  load  of  a  hone  moTing  et  I  mile  per  hour  will  be     1'2G 
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ratdmj  itMU^  triiiag  ftom  die  inflneMe  at  the  dunfei  of  the  ■JBimyhera.  The 
men  ifoage  of  the  niefol  power  of  tnct&mi  ftv  the  whole  yeer  ii»  aoeofdiBg  to  the 
aame  experiments,  0'87&  of  that  of  the  rammer  moithe;  bat  efidentij  theie  imnlti 
en  only  be  contidered  to  be  oorrect  lor  the  elimate  and  loed  obeerred,  beoeaie  the 
dontioD  of  the  frosty  and  rainy  aeasona  vaiiea  oonaidarahly  eren  In  the  same  paiaUek 
oflatitiide. 

Engineer!  are  not  ag;reed  aa  to  the  preciae  zatioe  of  the  drangfat  to  the  loadt  by 
aome  it  ia  considered  to  be  aa  1  to  30,  by  other  aa  1  to  85,  npon  a  lefd  raid  in  a 
food  state  of  repair.  Upon  pared  roads  the  traction  is  eesier  than  npon  macadamiaed 
roeda  in  the  proportion  of  3  to  2 1  in  summer,  and witha  sin^e-horse  cart,  it  ia  more 
fimraraUe  than  in  winter,  in  the  average  proportion  of  100  to  87.  The  nnmber  of 
horaes  harnessed  to  the  same  cart,  and  the  mode  of  constmction  of  the  latter,  are 
able  also  to  modify  the  ratio.  Thns  it  has  been  ascertained  that  if  the  nseftil  action 
per  horse  be  in  winter  represented  by  the  figures  of  the  first  column  of  the  annexed 
Table,  under  the  conditions  therein  dted,  in  summer  it  will  become  u  In  the  second 

column: 

1  horse  in  a  4-wheel  cart,  in  winter  826 ;  in  summer  991 

2  horses        „  „  956         „         1009 

3  »  „  „  851         „  985 

4  „  „  „  828         H  963 

5  „  „  „  661         „  872 

The  horses  being  supposed  to  be  harnessed  in  a  straight  line.  Upon  puTed  loads  H 
would  appear  that  the  friction  is  affected  by  the  suspension  of  the  eaniage,  but  tiiat 
the  draught  does  not  vary  with  a  change  in  the  number  of  the  wheels ;  the  experi* 
ments  howerer  upon  which  these  conclusions  are  founded  were  not  sufficiently 
numerous,  or  executed  with  sufficient  precautions,  to  warrant  their  being  reodred 
implicitly.  Upon  macadamized  roads,  neither  the  suspension  of  the  carnage  nor  the 
number  of  wheels  are  considered  to  exercise  any  important  influence  npon  the 
traction.  In  the  case  of  the  pared  roads,  the  traction  is  found  to  diminish  as  the 
width  of  the  tire  increases,  in  a  ratio  which  may  be  represented  gnphicaUy  by  a 
hyperbolic  curve,  whilst  upon  macadamized  roads  the  width  of  the  tires  does  not 
affect  the  draught 

Sganzin  states  that  upon  paved  roads  the  draught  is  not  more  than  ^  of  the 
pressure  of  the  load,  and  that  upon  a  good  macadamized  road  it  varies  between  ^ 
to  -^  Navier  found  that  the  proportion  became  •^,  under  some  circumstances, 
when  the  vehicle  was  moving  at  a  trot.  It  must,  nevertheless,  be  observed  that  the 
superiority  of  the  paved  roads  is  less  miurked  in  proportion  aa  the  velocity  increases  s 
it  is  very  important  when  the  carriage  moves  with  the  ordinary  speed  of  a  carrier's 
waggon ;  it  diminishes  sensibly  when  the  average  velocity  does  not  exceed  7  milea  per 
hour,  and  is  nearly  annihilated  at  a  velocity  of  about  10  miles  per  hour.  Thus,  npon 
paved  roads  the  efforts  of  traction  necessary  to  overcome  the  pressure  of  the  total 
load  of  1  ton  being  considered  to  be. 

For  a  heavy  carrier's  waggon  38  lbs. 

For  a  coach  travelling  at  the  rate  of  7  miles     ....    45    „ 
For  a  carriage  travelling  at  the  rate  of  10  miles    .  75|  to  82    ^ 
Upon  unpaved  roads  these  efforts  become, 

For  a  heavy  carrier's  waggon 66i  „ 

For  a  coach  travelling  at  the  rate  of  7  miles     ....    66i  „ 
For  a  carriage  travelling  at  the  rate  of  10  miles    ...    80   „ 
The  road  leading  to  the  West  India  Docks  was  laid  down  irith  wheel-tracks  of 
dressed  granite,  so  as  to  present  a  bearing  surfisce  of  nearly  equal  uniformity  to  that 


of  ■  rtilwtj.  Mr.  Wilker  (Utei  that  the  effort  required  to  diaw  ■  t«n  wdgfat  apon 
•uch  B  road  ii not  grekterUun  IZIbi.,  vhilstnpon*  nilwtjrlt  itiunallrabont  II  lb*. 
Other  otiMrTen  hmrcTer  make  the  effort  of  traction  raqniiite  to  move  the  above  h>ad 
npon  the  gianite  tianiwaj  equal  to  aboat  26  Ibi. ;  and  imder  the  oidinarj  conditkim 
of  repair  of  nich  road*  it  would,  perhape,  be  ufer  to  adopt  the  latter  qnantity. 

It  it  much  to  be  regretted  that  the  greater  number  of  obserrationi  which  haye 
been  made  upon  th«  drai^ht  of  carriagei  are  ineomplete,  inaamuch  as  they  do  not 
record  the  diameten  of  the  wheela  and  the  ulea,  or  the  vddth  of  the  tire*.  Theae 
detuli  have  a  Tery  important  influence  npon  the  amonnt  of  the  friction.  But  from 
the  elementa  we  tireadj  poueu,  it  may  be  considered,  idlh  a  tolerable  d^ree  of 
eertunty,  that  the  iTcrage  traetioni  upon  the  different  deicriptioiu  of  roada  ue,  per 
ton  load. 

Upon  a  rulwaj II  lbs. 

Upon  paved  tramway 2S     „ 

Upon  common  paved  road 4&    „ 

Upon  macadamized  road 661  ,i 

Upon  canak  it  would  only  be 2^  „ 

Poneelet,  in  hii  '  M^anique  laduilriel ,'  gives  the  following;  Table  of  the  ratio  of 
the  draught  to  the  total  load,  upon  the  varioni  roads  mentioned ;  the  weight  of  the 
carrjigeii  to  be  included.  This  i«  generally  found  in  practice  to  vary  between  ^and 
i  of  the  total  load. 


'a" 


Natural  clayey  land,  dry 

Land  hard,  rammed  and  drefi^ed  very  eveuly 

Road  b(  tiud  and  gravel,  fresh  laid 

Ditto  of  macadam,  in  ordinan'  repair 

Natural  chalky  and  flinty  land 

Rondivay  paved  with  large  square  bloeba  :  the  car-  (  walking 

riage  ausiwiided ;  \  fnll  Irot 

Ditto  in  wcll-squsreil  and  carefully  laid  Hones  ;  |  "^jj   "^^ 

Ditlo  oak  plan' 
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baotBM  ttedtttnietife  infloeiiee  is  proportioiiate  to  th«  1^^ 
■ad  to  fhe  deadweight;  and  eridentiy,  the  greeter  the  ndioi  of  the  wlieel,  the  flatter 
will  be  the  arc  teading  to  depresi  the  tufiioe.  The  bearing  ci  oooite  wiU  boI  be 
VBifonn  over  the  whole  of  the  tnrfue  of  contact,  either  in  the  kmgitadinal  or  the 
trantrene  direction.  It  will  be  at  the  maTimnm  at  the  point  throng  which  the 
reaohant  of  the  pretaore  peases,  and  diminish  gradually  on  either  side  of  the  hmgi- 
todinal  axis.  At  the  same  time  the  pressure  in  the  transferse  direction  wHl  be 
unequal  in  a  manner  proportionate  to  the  deflation  firom  the  normal  aeotion  of  the 
roadway. 

The  augmentation  of  the  traetioo  arising  firom  the  inclination  of  the  roadway  is  a 
function  of  the  inclination ;  and  if  the  weight  of  the  carriage,  with  its  load,  be  repre- 
sented by  P,  that  of  the  animala  drawing  it  bjp,  and  the  fertioal  height  by  k,  this 
augmentation  will  be  expreased  by  the  formula 

/-(P +/>)*. 
Caliing  the  coefficient  of  traction  m,  the  ezpreasion  by  which  it  would  be  reprasented, 
in  the  case  of  a  lerd  road,  would  be  Pm;  and  where  any  inclination  exists,  the 
formula  for  the  total  traction  becomes  /»  Pm  -»•  (P  +p)  A. 

Upon  a  theoretically  perfect  road  no  inclination  should  exist  which  would  require 
the  wheels  of  a  carriage  to  be  locked  in  descending,  because  the  loss  of  power  in 
aaoeading  sudi  an  inclination  is  not  compensated  for  by  the  increased  power  gained 
by  the  descent.  If  it  were  possible,  then,  the  rate  of  inclination  should  never  exceed 
the  ratios  of  the  draught  to  the  pressure.  That  is  to  say,  as  the  maiimnm  econo- 
mical inclination  of  railwaya  is  I  in  200,  those  of  paved  tramways  should  not  exceed 
I  in  100;  of  paved  roads,4  in  100 ;  and  of  macadamised  roads,  6in  100.  But  there 
are  so  many  circumstances  which  may  modify  the  advisability  of  any  decision  upon  this 
suligect,  that  it  is  very  rarely  that  the  above  conditions  can  be  observed  throughout  a 
road  of  any  length,  especially  when  the  country  it  traverses  is  irregular  in  its  con- 
figuration. Moreover,  inasmudi  as  the  velocity  at  which  the  vehicle  travels  has  a 
sensible  influence  upon  the  resistance  it  encounters  from  the  deviations  from  a  hori- 
lontal  line,  it  becomes  necessary  to  make  this  consideration  enter  into  the  balance  of 
motives  for  fixing  the  maximum  inclination.  Thus,  for  horses  moving  at  the  rate  of 
8  miles  an  hour,  an  inclination  of  ^  appears  to  be  the  maximum  which  can  be 
admitted,  if  they  be  desired  to  maintain  their  speed.  For  horses  dragging  heavy 
loads  and  walking,  the  maximum  may  be  safely  carried  to  ^  Practically,  however, 
these  limits  are  often  neglected,  and  it  is  by  no  means  rare  to  meet  with  hills  whose 
inclinations  are  not  leas  than  ■^. 

From  a  series  of  experiments  recorded  in  the '  Annales  des  Pouts  et  Chausste,' 
1838,  it  would  appear  that  the  effort  exerted  by  animala  in  mounting  a  long  continued 
inclination  of  various  angles,  increases  for  a  certain  period,  and  then  decreases.  The 
inference  drawn  from  this  is,  that  the  animala  do  not  inatinctivdy  alwaya  employ  the 
aame  effort.  When  the  inclination  has  been  short,  the  animala  frequently  increase 
their  speed,  as  though  the  excitement  of  the  acddental  obstacle  induced  them  to  exert 
greater  power.  This  observation  would  also  confirm  the  opinion  of  their  incapadty 
for  equalizing  the  effort  to  be  employed  merely  by  instinct. 

Other  Mode»  qf  employmg  Hone^power, — When  it  is  desired  to  raise  weights  with- 
out transferring  them  to  any  great  horizontal  distance,  a  horse  may  be  made  to  pro- 
duce a  greater  effect  when  he  acts  by  his  weight  than  when  he  acts  by  muscular  ex- 
ertion :  or,  in  other  words,  if  the  horse  be  made  to  aacend  without  a  load  and  to 
place  himself  upon  a  stage,  attached  by  means  of  a  rope,  or  a  chain,  passing  over  a 
pulley  to  another  stage  carrying  the  load  it  is  desired  to  raise,  he  will  exercise  a  useful 
eflbrt,  which  Hachette  states  to  be  occasionally  six  times  greater  than  he  could  exer- 


270  HORBE. 

dH  Id  dmring  ■  bait.  Thii  titiiiiite  ia  probably  eiiggented,  bat  then  BBtt  be  m 
muked  m  •dnnttge  id  mMag  honca  act  bj  their  wrigfat,  thit  it  it  ttnage  tbat 
they  ihoold  not  ba  to  tqipUed,  in  mining  operationi,  to  ■  greater  extnt  tbu  tboy  m 
■t  tbe  prMant  day. 

•In  Ewtinttiiioa*  eonatriei  withoat  load*,  tuch  ai  manr  parti  of  Spain  and  of  India, 
it  ia  neccaiary  to  tranipott  gooda  b;  meaaa  of  pack-horaa.  In  neb  covatria)  it  alio 
almMt  ianriably  bappena  that  tlie  nee  of  boru*  i*  (mall  and  of  inferior  power;  at 
an;  nte  th«  deacriptian  of  food  to  be  met  with  ii  not  locb  as  is  imted  for  the  krga 
and  more  daint;  boTaei  lued  in  other  more  dviliied  district!.  Thni  we  Sndiemaik- 
abla  diierepanciM  in  the  powo*  of  tbe  padt-borae  from  tbote  of  tlie  hunter ;  and 
whOat  we  freqneatlj  meet  with  banters  able  to  cvry  W  itone,  or  196  Iba.,  bx  a  dia- 
tMMeof  <  to  10  milea,  at  a  speed  of  from  ID  to  12  miles  an  boor.  It  is  rarelTtbit 
pack-hones  are  required  to  carry  more  than  ahont  300  lbs.,  at  a  rate  eertainl;  net 
exceeding,  if  it  attain,  3  miles  per  bour. 

Illfr«t,if  tbe  most  adTantageona  mode  of  using  ahorse  be  to  make  him  r^ieloni) 
b;  hit  mere  wdght,  the  most  disadTanlageou  mode  certainty  is,  to  make  hkn  eaiTT 
the  load  OD  liii  beck. 

Onwrol^. — Tba  maximum  nsefiil  effhct  prodnced  by  a  bone  ia,  generally  ipeaking, 
eonsidemd  to  be  obtained  when, — 1.  The  daily  power  exercised  varies  from  ^id  to  ^kb 
of  that  which  he  is  able  to  produee,  witboot  speed,  dnring  a  short  space  of  titne ; — 3. 
IFhen  tba  speed  at  which  the  horse  trav^  nriea  from  -^tb  to  -j^h  of  the  greatest 
speed  during  a  short  period  and  withoat  any  load ; — 3.  Vhen  the  daration  of  the 
period  of  working  tariea  from  ( to  ^rd  of  the  longest  period  daring  which  it  coaU  be 
continued  without  serionaly  aStocting  the  health  of  the  animal. 

The  obserrations  made  by  Mr.  Gordon,  upon  tbe  effect  of  the  bonzontil  inelinition 
i^n  the  draught  of  the  honee,  ahow  that  a  eoaiiderable  difference  eiiita  between 
the  result*  obtained  in  practice,  from  those  which  are  indicated  by  theory.  Calliogthe 
traction  R,  tbe  total  weight  drawn  P,  and  the  ratio  of  the  traction  to  tbe  load  # ;  on 
a  horiiontal  mad  we  haTC 

R-iP. 

neomtieally,  on  an  inclined  raed  we  iboold  have 
R-iP+(Pnna,) 
B  being  the  angle  which  the  road  makes  with  the  horizon :  a*  this  angle  ia  oinally 
Tery  small,  we  may  without  inconvenience  tubstitale  tbe  inclination  for  tbe  si 
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thtf  •ramoraDen^approadiiiigaliodioiitdUBe.  Iitepranntilaitoof  ovkBow- 
Ifl^se*  thenfore,  it  may  baocmiidered  that  thecalealatioBs  of  theeyiifataitdiitanciaa 
of  hodzontal  and  of  indined  roads  are  more  ingenioiia  thaa  oofreet. 

See  Hichette's' Traits  desMachineB;'  Navier'a  editkm  (tf  *  BeKdor's  Arehitectiire 
Hydranliqne  i'  Sganziii,  •  Com  de  Conatmetkm  ;*  dandd'a '  Formoles  k  rUaage  dea 
IngAiieiin ;'  TeUbrd,  Wood,  Gordon,  Walker,  etc.,  upon  tlie  draught  upon  dUBBraat 
kmds  of  roadways ;  and  Tarions  oommmdcations  to  the  '  Annales  de^  Ponta  et 
Chansate.'  See  also  Mr.  Leahy's  <Praetioal  Treatiaa  upon  ReadaiT  Sir  John 
MeNcil's  obser? ations ;  and  Shr  H.  Pamall  on  Roads,  ete.  eto. 

QUAI.ITBt  OF  THE   HORSX.* 

fnm  time  immemoiial  the  powers  of  this  noble  and  generooa  animal  hare  bean 
made  snbsertient  by  man  to  the  purposes  of  war.  The  predatoi)r  Arab,  the  chifal- 
rons  Cossack,  the  adventurous  Roman,  and  the  patriotic  Greek  have  each  in  successive 
ages,  and  in  various  manners,  trained  him  fbr  co-operation  and  assistance  in  their 
ofltadve  and  defensive  movements  in  the  battle-iield. 

In  the  present  time,  as  in  the  past,  his  great  powers  are  aqoaDy  engaged  and 
i^ipreciated ;  and  no  army  can  possiUybe  eflbctive,  or  complete,  without  Us  valuable 
and  arduous  services. 

The  horse,  as  employed  in  Buropean  armies,  may  be  dasaed  under  the  following 
heads,  viz.* the  Artillery,' *  the  Heavy  Dragoon,'  <the  Light  Dragoon,*  and  the 
Padc-horse. 

For  *  Artilleiy  Horse,'  see  p.  246. 

The  heavy  dragoon  hone  is,  or  ought  to  be,  a  description  of  animal  between  the 
artillery  and  light  dragoon  horse;  but  recent  regulations  req^ecting  recruiting  are 
rapidly  removing  the  distinction  once  so  prominent  between  the  heavy  and  Hg^t 
dragoon  horses. 

The  average  wdght  whidi  a  heavy  dragoon  horae  has  to  carry  ia  about  18  stone 
1 1  lbs.,  and  indudes  the  dragoon  and  his  appointments :  to  this  are  added,  on  Service, 
one  day's  ration  for  the  horse,  wdgliing  20  lbs.,  and  one  for  the  man,  ireighing  6  lbs., 
making  a  total  of  20  stone  9  lbs. ;  an  immense  vrdght  for  a  horae  to  support,  and 
necessarily  requiring  a  powerful  animal  to  move  under  it  in  rapid  evolutions. 

Heavy  dragoons  are  prindpally  employed  in  the  field,  in  diarging  cavalry  and 
infmtry,  attacking  guns,  and  covering  retreats. 

There  is  no  description  of  horse  used  in  the  Service  whidi  requires  amore  cautious 
sdection  in  purdiasing  than  the  heavy  dragoon  horse ;  fbr  if  coarse  and  under- 
bred, he  is  too  slow  for  field  movements ;  and  if  well-bred,  but  not  possessing  bone 
and  substance,  is  too  weak  to  carry  the  weight,  and  too  lig^t  to  withstand  the  shock 
of  a  cavalry  charge.  Perhaps  a  better  description  of  what  the  war-horse  should  be, 
cannot  be  given,  than  that  described  by  Virgil ;  which  corresponds  precisdy  with  our 
idea  of  the  heavy  dragoon  horse. 

"  nii  ardua  cervix, 
Argutomqae  caput,  brevis  alvus,  obesaqne  terga ; 
Luxuriatque  toris  animosum  pectus :  honesti 
Spadices,  glaudque;  color  deterrimus  albis, 
Et  gilvo : 

At  duplex  agitur  per  Inmbos  spina ;  cavatque 
Tellarem,  et  solido  graviter  sonat  ungula  comu." 


*  By  OfM*  Smith,  V.  8.,  Snd  Pncooa  Ouarda. 
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The  Ugbt  drmoon  hone  oi^ht 
btBTj  t  u  bi*  dutie*  in  tbe  field  • 
■1  ctiryiDg  deipttchel,  pnnuug  ■ 

Although  light  dr^ooi 
heaTjr,  *till  the  ivenge  weight 
of  beavf  dngoon*  i  which 
qieed,  md  conxqaently  the  utii 

The  heavy  and  light  dregoon 
five  yean.    The  price  granted  by 
the  Life  Ouardi  and  Scots  Oreyi. 

The  pack-hone  ii  employed  oa 
hoqntal  and  TegimeDtal  itora,  etc. 
hone.  Tcry  itrong,  and  sure-footed. 


I  be  tester,  more  aeUie,  and  higher  bnd,  than  the 
I  genetally  peifonned  in  quick  moTementi,  luch 

are  allowed  to  enliat  smaller  men  than  tbe 
be  carried  by  their  horses  is  nearly  equal  to  that 
tend*  materially  to  militate  against  their 
of  their  operationi. 

-set  are  purchHcd  between  thesges  of  three  and 
Gnverament  for  each  horse  is  £i6.  S(.,  excepting 

Senice  only  for  carrying  regimental  baggage, 
He  is  generally  a  shortJeBgcd  compact  little 
Mules  are  sometimes  used  for  tbe  same  pnc- 


jift. — Tbe  age  of  the  bone  i>  determined  by  the  appearsuce  of  tbe  teeth,  which 
Tit;  according  to  the  nuotber  of  yean  the  animal  has  attained,  and  may  be  easily 
ondentood  by  a  slight  attention  to  the  subject ;  the  amouat,  quality,  and  size  of  the 
teeth,  indicating  the  respectiTe  ages.     (See  Plate.) 

All  cavalry  horses,  or  bones  intended  for  tbe  Service,  date  their  age  from  the  Itt 
of  Haj;  bat  it  must  be  very  evident  that  there  might  be  a  variation  of  several 
months  between  the  different  periods  of  their  birth :  hence  arise  tbe  terms  "  ao  early 
or  a  late  foal."  To  this  drcumitance  in  particular,  and  tbe  deception  occasionally 
practited  by  breeden, — of  knocking  out  the  colt's  teeth, — the  Officer  employed  to 
purchase  remount  horses  should  direct  his  atteutioa ;  or  he  will  be  liable  to  im- 
position, and  subject  himself  to  tbe  annoyance  of  having  his  purchases  rejected,  on 
Mconnt  of  age,  at  the  Head-Quarters  of  bis  regiment. 

Cavalry  remount  horses  are  usually  taken  between  the  ages  of  three  and  five  yean. 
One  year  making  a  material  difference  in  their  market  value,  breeden  and  lellen, 
■ware  of  this  circumstance,  occuionally  endeavour  to  make  the  colt  appear  a  year 
older  than  he  actually  is :  to  effect  this,  they  force  out  the  colt's  teeth,  which  are 
naturally  replaced  by  the  permanent  ones  in  succeuion ;  giving  a  false  indication  of 
the  age  of  tbe  animal.  By  an  experienced  penon  the  deception  is  easily  deteeted,  and 
t  very  little  atteation  to  the  subject  will  enable  any  one  to  do  the  same. 

We  will  suppose  a  colt  to  be  nearly  three  yean  old,  tbe  age  moat  likely  to  be 
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The  lower  front  teeth  or  nippers  are  those  by  which  the  age  of  the  colt  is  nsnillj 
determined.  At  two  years  old,  these  teeth  will  be  complete ;  that  is  to  say,  the  colt 
will  have  -a  full  set,  six  in  number,  of  milch  teeth,  as  shown  in  the  aceompanying 
PUte. 

Between  two  and  three  years  old,  the  two  centre  teeth  are  displaced,  and  two 
permanent  teeth  succeed  them,  easily  distinguished  from  the  colt's  teeth  by  being 
broader,  larger,  and  having  a  dark  cavity  in  the  centre  of  the  upper  surfiaoe. 

At  three  years  old,  the  colt  will  have,  in  the  lower  jaw,  two  permanent  and  four 
colt's  teeth :  between  the  third  and  fourth  year,  the  next  pair  of  incisor  teeth  will  lie 
shed,  and  permanent  teeth  succeed  them. 

At  four  years  old,  there  will  be  four  permanent  teeth  in  the  centre,  and  two  colt's 
teeth  at  each  corner  of  the  lower  jaw.  Between  the  fourth  and  fifth  year,  the  last 
remaining  colt's  nipper  or  corner  teeth  will  be  cast ;  and  if  a  horse  or  gelding,  the 
tushes,  four  in  number,  will  show  themselves ;  two  in  the  upper,  and  two  in  the 
lower  jaw. 

At  five  years  old,  the  horse  will  have  a  full  or  complete  set  of  permanent  teeth  in 
the  upper  and  lower  jaw ;  for  the  same  change  as  stated  to  take  place  in  the  lower, 
is  developed  in  the  upper  jaw  also.  The  colt  at  this  age  takes  the  name  of  horse, 
and  is  supposed  to  be  equal  to  all  the  laborious  duties  expected  from  him.  Although 
we  can  no  longer  judge  of  his  age  by  the  shifting  or  shedding  of  his  teeth,  we  can 
form  a  tolerably  correct  conclusion  from  other  appearances  of  them. 

At  six  years  old,  the  dark  oval-shaped  mark  in  the  centre  of  the  two  front  nippers, 
usually  called  by  horsemen  *'  the  bean,"  will  be  nearly  or  quite  worn  away ;  the  tushes 
higher  and  stronger,  and  the  cavities  of  the  interior  part  of  the  tooth  more  filled ; 
the  two  corner  nippers  level  with  the  others,  and  equally  developed. 

At  seven  years  old,  the  marks  in  the  second  pair  of  nippers  are  filled  up,  and  the 
tushes  become  more  round  externally  and  internally. 

At  eight  years  old,  the  marks  in  the  comer  nippers  are  worn  out,  and  the  tushes 
more  round  and  blunt.  From  this  age,  the  animal  is  said  to  be,  in  horse  phraseo- 
logy, '*  past  knowledge  ;'*  and  although  a  tolerably  correct  opinion  may  be  formed  for 
many  years  to  come,  by  the  appearance  of  the  upper  jaw,  and  other  prognostics, 
still  they  cannot  be  implicitly  relied  upon.  It  often  occurs  at  a  much  earlier  period, 
that  the  best  judges  of  age  are  deceived  by  the  untimely  structural  alteration  of  the  teeth, 
produced  by  mechanical  or  pathological  causes ;  such  as  crib-biting,  biting  the  rack 
or  manger,  eating  hard  food,  etc. ;  and  the  purchaser  would  do  well,  if  he  supposes 
that  the  marks  are  prematurely  obliterated,  to  satisfy  himself  that  the  cause  of 
erasure  does  not  arise  from  the  vicious  habit  of  crib-biting. 

The  natural  energies  of  the  horse  may  be  said  to  be  at  their  zenith  between  the 
ages  of  six  and  nine  years,  and  compared  to  the  relative  age  of  a  man  between 
twenty-five  and  thirty-five  years, — provided  that  the  functions  of  the  animal  have 
not  been  destroyed  by  early  ill-usage,  or  over- work.  Many  instances  of  longevity  in 
the  horse  are  credibly  attested ;  thirty,  forty,  and  even  sixty  years  have  been  attained. 
(See  Plate '  Horse.') 

As  a  particular  instance,  and  one  occurring  of  late  date,  we  will  mention,  that  at 
the  review  which  took  place  on  the  18th  of  June,  1846,  in  the  Phoenix  Park,  Dublin, 
a  horse,  ranked,  passed  the  General  commanding,  ridden  by  an  old  veteran,  both 
horse  and  rider  having  been  engaged  in  the  ever-memorable  battle  of  Waterloo : 
supposing  the  horse  to  have  been  five  years  old  at  the  time  of  the  engagement,  he 
must  have  been,  at  that  review,  at  least  thirty-six  years  old ;  and  the  probability  is 
that  he  was  much  older. 

Mode  of  Supply. — In  the  year  1855,  the  war  with  Russia  causing  a  greater  demand 
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far  lTtill«i7  utd  Cfitlrj  hones.  It  wu  foond  neeeuti?  to  dtei  the  oiotl  method  of 
obttining  bone*,  thit  U,  of  porchuing  young  4nd  untniaed  animilt ;  coiueqneiillr 
•D  order  wu  iuned  to  buy  in  iatan  horaet  from  five  to  nine  jean  old,  the  prictt  Ibr 
Artillery  hone*  to  be  £42,  tnd  for  CaTalry  £40 ;  Ibe  borae*,  to  b«  bird  fed,  ud  in 
good  warldog  condilion.  For  >  time  thii  lystem  worked  tolenbly  well,  until  the 
demtnd  became  greater  than  the  supply ;  bat  it  ie  not  to  be  expected  that  the  ume 
ctaai  of  bone  ii  to  be  obtained  as  wai  formerly  porcbeted  under  tbe  late  lyitem. 
When  an  Officer  wai  tent  fonaerly  to  a  fair  to  purchMe  yooDg  hone*,  that  it,  three 
yean  old,  be  had  the  Snt  choice  of  those  offered  at  that  age  ii)  the  maHut.  Now 
feeden  or  dealers  biTe  that  choice;  when  Ibe  horses  are  four  yean  old,  the 
Officer  hat  a  greater  number  of  competiton  in  dealen,  feeden,  and  persons  itqnir- 
ing  horses  for  their  own  use  when  the  borset  become  Atc  yetn  old.  The  Officer  hai 
to  select  from  those  hones  which  are  left  after  thoie  persons  alluded  to,  riz.  detlen 
and  feeden,  have  made  their  selection ;  in  short,  be  has  to  choose  from  uothing  but 
the  culls,  and  of  course  of  the  most  inferior  description  ;  it  is  therefore  erident  that 
Her  Majesty's  troops  having  the  last  choice,  will  hue  tbe  wont  horses.  This  should 
not  be  tbe  case,  and  would  be  prevented  if  GoTemment  would  purcbate  (at  before 
tbe  war)  all  available  and  promising  young  hones  of  three  and  four  yean  old  at  the 
fonoer  price,  viz.  £26.  bi.,  let  those  horses  be  turned  to  gratl  in  properly  selected 
place*,  such  as  the  Phrenii  Park,  Ireland,  and  in  the  winter  let  them  hare  hay, 
turnips,  or  a  hltle  com,  a  shed  to  go  into  in  serere  weather,  but  not  fastened ;  in 
short,  let  them  be  treated  at  fannen  treat  young  hones  ;  when  four  and  a  half  yean 
old,  let  them  join  regiments  or  depAti ;  at  five  yean  old  they  would  be  broken  and 
fit  for  any  datlei :  while  at  grass  a  few  pensioners,  under  tbe  superintendence  of  an 
Officer,  would  be  quite  tnSicienl  to  take  charge  of  them. 

Every  encouragement  and  ever;  inducement  should  be  given  to  farmen  to  breed 
horses,  and  if  Government  would  provide  stallions  in  different  districts,  whose  lervice* 
should  be  free,  or  at  any  rate  at  ^  nominal  price,  it  would  tend  much  to  that  purpose. 

The  Stable. — It  is  impossible  to  lay  down  any  general  rules  to  regulate  the  eon- 
striKtioa  of  private  stables ;  existing  eircumstances,  such  as  utuation,  elevation,  site 
required,  number  of  borset  to  be  accommodated,  mean*  of  the  proprietor,  etc.,  mutt 
be  considered,  and  irill  govern  the  formation ;  but  this  is  not  the  case  with  the 
building  of  Barrack  Stables,  there  being  generally  plenty  of  ground,  and  a  luffident 
site  to  construct  any  description  of  stable  building.   Tbe  principal  calculabon  to  be 
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pose,  I  condder  that  the  best  shape  for  the  constrnctioD  of  troop  stables  is  that  d  a 
squarsy  or  squares ;  so  that  from  whateyer  quarter  the  wmd  may  blow,  one  side  will 
always  present  a  screen  or  barrier  to  the  tempest,  and  protect  in  a  great  measure 
the  three  remaining  sides  from  its  violence,  and  afford  shelter  to  the  horses  during 
exercise  or  parade  within  its  area.  The  size  of  the  stables  is  a  subject  requiring  much 
consideration,  and  to  which  sufficient  attention  is  not  generally  applied :  small  stables 
are  like  small  rooms,  which  are  always  very  hot  or  very  cold ;  and,  generally  speak- 
ing, all  attempts  at  ventilation  produce  in  them  direct  draughts,  or  injurious  currents 
of  air.  Troop  stables  ought  to  be  large  enough  to  hold  at  least  twenty  horses.  To 
effect  this,  I  would  advise  that  the  stables  be  sufficiently  wide  to  admit  of  the  racks 
and  mangers  being  attached  to  the  walls  on  either  side  of  the  building,  and  a  suffi- 
cient space  allowed  for  a  passage  in  the  centre,  wide  enough  to  prevent  the  horses 
frtHU  reining  back  upon  each  other.  In  a  long  range,  the  stables  should  have  door- 
ways between  each ;  so  that  in  warm  weather,  when  thrown  open,  a  free  circulation 
of  air  would  be  kept  up  from  one  end  to  the  other,  at  the  same  time  affbrding  an 
easy  method  of  communication.  Too  many  entrances  to  the  stables  should  be 
avoided ;  two  are  quite  sufficient,  one  at  each  end,  and  answer  every  purpose  for  ing^ss 
and  egress ;  at  the  same  time  they  operate  as  most  efficient  and  useful  ventilators. 
In  the  small  troop  stables,  as  now  generally  constructed,  the  horses  occupying  the 
stalls  on  the  reverse  side  to  which  the  door  is  attached,  are  exposed,  when  the  doors 
are  opened,  to  a  direct  current  of  air ;  while  those  in  the  other  corners  suffer  from 
impure  atmosphere  and  want  of  ventilation.  It  is  a  curious  fact,  that  during  the 
prevalence  of  influenza,  and  other  epizootics,  I  have  noticed  that  four  cases  out  of 
five  occur  with  the  horses  standing  in  comer  stalls ;  while  those  occupying  the  stalls 
exposed  to  the  current  of  air  from  the  open  doors,  have  been  afflicted  with  paralysis, 
and  even  locked-jaw. 

I  would  recommend  that  the  space  of  one  stall,  in  every  stable,  properly  parti- 
tioned off,  be  appropriated  fer  the  keeping  of  the  daily  rations  of  hay  and  com,'as 
great  waste  is  often  occasioned  by  its  being  placed  in  an  empty  stall,  or  exposed,  out- 
side the  stable,  to  the  inclemency  of  the  weather;  and  that  the  space  between  the 
horses,  in  the  centre  of  the  stables,  be  sufficiently  wide  to  allow  the  litter  to  be  piled 
up  on  rainy  or  boisterous  days. 

The  racks,  mangers,  and  posts,  to  be  made  of  iron ;  in  fact,  too  little  wood-work 
cannot  be  used  in  the  construction. 

Particular  care  should  be  paid  to  the  drainage  of  the  stalls,  but  no  more  inclina- 
tion should  be  permitted  than  just  sufficient  to  answer  the  purpose.  Too  great  a 
declivity  throws  an  injurious  stress  upon  the  tendons  of  the  hind  extremities,  causing 
sprains,  spavins,  wind-galls,  etc. :  an  inclination  of  four  inches  from  the  top  of  the 
stall  to  the  gutter  or  drain  at  the  bottom  is  quite  sufficient  to  answer  the  purpose  of 
drainage. 

To  prevent  the  accumulation  of  urine,  faeces,  and  other  offensive  matter  between 
the  interstices  of  the  paving  of  the  stalls,  the  stones  should  be  so  laid  as  to  form,  as 
nearly  as  possible,  a  flat  surface  ;*  cement,  impervious  to  wet,  should  be  used  between 
each  stone.  The  flooring  formed  by  the  small  pebble-atones  now  very  generally 
used,  is  of  the  very  worst  description,  as  it  admits  the  urine  to  soak  between  them, 
completely  saturating  the  sub-surface,  causing  the  generation  of  the  most  deleterious 
gases,  and  moreover  is  constantly  out  of  repair. 

A  great  variety  of  opinions  exist  respecting  the  propriety  of  making  ceilings  to  the 

*  Mr.  Stocklej  strongly  urges  ^the  use  of  metal  gutters  in  the  centre  of  each  stall,  running  into 
trapped  drains,  as  greatly  conducing  to  the  health  of  the  horses  and  saving  the  •tnw.—Bditor$, 
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rooft  of  troop  itibles ;  but  provided  the  itiblo  *re  lufficienclj  loft;,  u.j  eleren  or 
twolTe  feet  higta,  and  the  lentiUton  judidoiulj  uranged,  I  think  it  it  at  ttrj  little 
eanaeqaence  whether  the^  have  ceiling!  or  not. 
'  The  doon  and  windows  ihould  be  lo  amnged,  that  in  the  ininnier  lime  they 
might  be  left  open  :  half  doora  are  preferable  to  whole  onea ;  that  ii,  the  doon  ihonld 
open  half  from  the  top  and  half  from  the  botbim ;  the  lower  half  being  kept  «hnt, 
prcTenti  a  horae  escaping  from  the  stable  in  the  event  of  hii  getting  looie.  Thii 
urangcmeat  for  infirmai7  looie  boiei  i>  almoat  indispenaable,  aa  the  sick  hone  eaa 
have  the  advantage  of  the  pure  air,  without  being  eipoied  to  rain  or  wind. 

Sfailt,  Uaaagemmt  q/l— Uoder  this  head  are  included,  feeding,  watering,  groom- 
ii^,  exerdae,  ventilation,  and  all  matters  which  appertain  to  the  general  management 
of  the  animal;  so  at  to  keep  him  in  the  best  possible  health,  and  in  that  condition 
which  entblei  him  lo  perform  the  duties  required  from  him  with  the  least  expendi- 
ture of  his  natural  Actions. 

Fttdmg. — The  quantity  of  food  considered  sufficient  to  support  the  energies  of  the 
troop  hone  it  twelve  pounds  of  hay  and  ten  pounds  of  ostsj  and,  generally  apeak- 
ing,  if  the  quality  is  good,  it  it  foand  sufficient  for  the  purpose.  These  rations  an 
divided  into  three  feeds,  given,  one  in  the  morning,  ooe  at  mid-da)',  and  one  ia  the 
evening.  Bran  iasometimessabatitotedforconi,  mixed  with  water  to  fmnamaah; 
It  acta  aa  a  mild  laxative,  and  tends  to  prevent  fever  and  coetivenets.  In  winta, 
bran  is  uidbIIj  given  to  troop  horsea  once  a  week ;  but  in  hot  weather  it  will  be 
found  advisable  to  give  it  oftener :  from  it<  laxative  qualitiei  and  easy  digeilion,  it 
it  one  of  the  best,  at  the  same  time  one  of  the  safest,  remedies  al  an  alterative,  that 
tho  veterinarian  or  owner  can  administer.  For  the  infirmary  itablet,  it  is  indispen- 
sable; and  no  horse  can  with  safely  be  physicked,  unless  he  hat  been  fed  at  least 
twenty-four  honrt  upon  it :  made  into  hot  malbea,  and  given  at  night  in  a  pail,  to 
at  to  steam  the  bead  of  (he  patient,  it  is  an  excellent  remedy  for  catarrhs  and  coogfas. 
The  nioal  allowance  given  by  contractors,  in  lieu  of  ten  pounds  of  oats,  is  eleven 
pounds  of  bran  ;  which,  from  iti  light  weighing,  forms  a  eontidenble  bulk.  Very 
few  hones,  although  unfit  to  do  much  work  when  fed  entirely  upon  it,  lose  their  fleth 
or  appearance.  In  all  diseases  of  the  digestive  organs,  hide-bound,  feien,  etc.,  it  ia 
invaluable,  and  for  which  st  present  we  have  no  substitute. 

The  properties  of  oats  and  hay  are  generally  so  welt  understood,  that  the  subject 
requires  little  comment.    All  penons  conversant  with  the  management  of  honet 


HOE8E.  277 

Mtmmmi  Hone§^&aUkig  qf.^The  management,  or  what  it  generallj  tenned  the 
•tabling,  of  yoong  or  remoont  honei,  claims  particular  attention.  No  animal  which 
man  hai  domesticated,  experiences  so  great  and  so  sodden  a  diange  in  his  habits, 
eostoms,  feeding,  and  exercise,  as  does  the  yoong  horse  when  iirst  taken  op  from 
pastorage,  and  placed  in  the  stable ;  which  is  in  fntore  to  be  liis  almost  constant 
dwelling.  From  freedom  be  is  doomed  to  constant  restraint ;  accostomed  to  seek  his 
own  food,  he  now  eats  nothing  but  what  is  senred  to  him ;  from  exercise  dictated  at 
will,  he  Jiow  obeys  the  direction  of  his  rider ;  from  pumdng  the  impulse  of  his  own 
motives,  he  most  now  implicitly  obey  that  of  man ;  in  fact,  it  is  a  change  from  nature 
to  art, — ^from  freedom  to  slavery.  This  change  is  indicated  by  the  diseases  which 
generally  follow  it, — strangles  and  fever  are  the  most  prevalent ;  and  althoQg|h  not 
osoaOy  attended  irith  danger,  if  proper  precantions  are  adopted,  still  they  have  a 
decided  inflnence  opon  the  constitution  of  the  animaL 

When  yoong  horses  are  first  placed  in  a  stable,  great  care  should  be  taken  that  it 
is  kept  cool  and  dean,  irith  a  proper  sopply  of  fresh  air;  and,  above  all,  not  to  allow 
too  many  horses  to  occopy  one  stable.  Their  provender,  at  first,  shoold  be  green 
iiDod,  if  procorable,  with  oats ;  bat  if  that  cannot  be  obtained,  bran  mashes,  or  bran 
and  oats  mixed :  bot  wheo  given  mixed,  the  bran  shoold  not  be  wetted ;  for  if  so,  it 
enables  them  to  swallow  it  without  mastication.  Yoong  horses  should  be  allowed 
as  much  water  as  they  will  drink ;  for  this  purpose  a  pafl  should  be  fastened  vrithin 
their  reach,  or,  if  the  stable  has  iron  mangers,  a  spare  stall  between  each  horse  will 
allow  of  one  manger  being  used  as  a  reservoir.  An  occanonal  mild  dose  of  physic 
win  be  found  beneficial ;  excesnve  purging  is  to  be  avoided.  As  the  animals  become 
mora  accustomed  to  the  stable,  the  bran  may  be  reduced,  and  more  oats  substituted ; 
at  the  same  time  the  exercise  should  be  increased. 

Watermff  qf. — Soft  water,  such  as  pool  or  rain  water,  is  the  best  for  horses : 
spasmodic  colic  sometimes  arises  from  giving  horses  water  just  taken  from  a  vrdl  or 
pump.  Non-commissioned  Officers  should  be  instructed  to  pay  particular  attention  to 
the  watering  of  troop  horses,  as  it  frequently  happens  that  an  indolent  or  careless 
dragoon  will  not  give  his  horse  a  suffident  quantity,  if  he  has  any  distance  to  fetch 
it.  I  have  known  many  horses  fsll  off  in  condition  by  being  kept  short  of  water, 
and  others  to  put  up  flesh,  by  having  water  so  placed  that  they  could  hdp  themsdves 
at  any  time,  or  in  any  quantity. 

Groommg  of, — Many  persons  imagine  that  grooming  is  merely  intended  to  dean 
the  horse,  and  give  him  a  fine  coat;  but  besides-  these,  its  eifocts  are  much  more 
beneficial,  by  produdng  drculation  of  the  blood  in  the  skin  and  extremities,  and  a 
certain  degree  of  exercise. 

It  has  become  much  the  fashion  of  late  years  to  expect  in  the  troop  horse  almost 
as  fine  a  coat  in  winter  as  summer :  whether  right  or  wrong  we  will  not  stop  to 
inquire ;  but  if  it  is  demanded,  I  cannot  conceive  why  the  common  means  used  in 
private  stables  to  produce  the  effect,  is  denied  to  the  troop  horse.  It  is  a  weU-knovra 
fact,  that  in  every  regiment  there  are  many  horses  that  have  coats  in  winter  of  such 
a  thickness  and  length,  that  the  most  laborious  grooming  will  not  make  them  look 
well ;  the  slightest  exerdse  causes  them  to  sweat  profusdy,  and  it  takes  hours  of 
grooming  to  dry  them.  Such  horses  are  always  low  in  condition ;  but  what  is  of 
more  consequence,  they  break  down  the  spirits  of  the  men  who  look  after  them ;  and 
moreover  are  an  eye-sore  to  the  regiment.  In  such  cases  I  cannot  help  advising  the 
judicious  use  of  the  singeing  lamp,  feeling  assured  that  the  horse  would  benefit  by  its 
application,  both  in  condition  and  appearance ;  and  the  man  would  be  saved  a  great 
deal  of  unnecessary  labour. 

Condition  qf, — Thera  is  no  term  in  horse  phraseology  which  bean  so  many  and 
such  widely  different  constructions  as  the  word  '*  condition." 
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Tha  rwM-honc  ii  ukl  to  be  in  condition  when  he  can  gillop  U  the  top  of  hit 
■peed  t  gfien  dtitince  iritbont  dittrew  or  inconrenieaee  to  hli  natonl  fimclioai, — ti 
■tatc  of  ijitem  bronght  about  by  the  most  artificial  ind  even  nnnatiml  meaii*. 

The  hanter  is  declired  to  be  in  tip-top  coodition  when  he  carries  his  rider  a  hwg 
ran,  serosa  a  heav;  countiy,  without  failure  of  wind  or  muscle. 

The  coach  or  post.borse,  when  he  peiforms  the  stage  allotted  to  him  without 
swesting,  or  other  sf  mptomi  of  over.«iertion ;  although  ctctj  bone  in  his  bodj 
might  be  counted  through  his  skin.  The  dealer  declares  his  hone  to  he  out  of  con- 
dition while  a  bone  of  the  ribs  can  be  seen,  and  until  every  defect  is  hidden,  as  much 
as  possible,  by  eiubenmce  of  flesh  and  fat. 

The  London  dray-horse  is  oouiidered  out  of  condition  until  he  represents,  as  mndi 
aa  possible,  the  last  prize  oi  st  Smithfield :  and  my  lady's  cairilge  horses,  to  be  in 
eonditioD,  must  be  as  sleek  and  fat  as  her  ladyship's  plethoric  coachman  and  butler ; 
and,  like  Ihem,  equally  unfit  for  any  eieition. 

The  term  Coadition,  as  appertaining  to  horses,  can  only  be  ugderttood  as  relating 
to  the  purposes  for  which  they  are  intended  ;  and  we  shall  therefore,  in  the  present 
instance,  treat  of  that  state  of  the  immal  intended  to  be  represented  as  the  term  Is 
applied  to  the  troop  hone. 

As  the  pace  or  severe  exertions  exacted  from  the  race-horse  or  hunter  are  not 
demanded  from  Ibe  troop  borse,  we  do  not  require  for  him  the  same  artificial  con- 
dition to  which  they  are  submitted ;  but  aa  a  certain  degree  of  labour  is  impoaed 
upon  him  in  the  performance  of  military  duties,  it  is  not  proper  or  prudent  to  sllow 
him  to  attain  the  same  state  of  condition,  as  applied  to  dealers'  horses.  The  desirable 
condition  for  the  troop  horse  it,  a  naturally  healthy  state  betneen  the  two  extremes  ; 
not  to  fleshy  at  to  incapacitate  him  for  moderate  exertion,  or  to  poor  as  to  prejudice 
the  symmetrical  proportions  of  his  frame. 

To  bring  about  this  detideratum,  the  co-operation  of  several  agents  is  required, 
the  prindpal  being  pure  air,  wholesome  food,  regular  exercise,  and  proper  grooming. 

The  want  of  condition  is  indicated  by  falling  off  of  flesh,  staring  coat,  treqocDtly 
attended  with  hide-bound,  or  adhesion  of  the  skin  to  the  muscles,  and  loiiwtimes 
yellow  appearance  of  the  membranet  of  the  nostrils  and  eyes.  When  these  symptoms 
are  presented,  the  functions  of  the  stomach  and  liver  are  deranged,  and  the  digestiie 
organs  generally  disordered :  worms  are  frequently  the  cause  of  bad  conditi' 
idicinol  rccincs  arc  prcicritied  for  t 
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All  tir  in  sttblet  is  more  or  less  impregnated  with  gases  detrimental  to  the  health 
of  the  animals ;  it  therefore  becomes  the  duty  of  those  who  hate  the  charge  of  them, 
to  lessen  as  much  as  possible  the  evil  consequences  arising  from  their  existence.  The 
most  unobserving  person  must  have  noticed,  on  entering  a  close  stable,  a  pungent, 
irritating  sensation  about  the  eyes  and  nostrils,  frequently  sufficiently  strong  to 
produce  sneezing,  weepiug  of  the  eyes,  and  head-ache :  these  sensations  arise  from 
the  presence  of  ammoniacal  gas  (hartshorn),  generated  by  the  feces  and  urine.  If 
such  effects  can  be  produced  upon  man  in  so  short  a  time,  who  is  liable  to  breathe 
impure  atmosphere,  what  must  be  the  result  of  the  constant  inhaling  of  these  gases 
upon  the  tender  mucous  membranes  of  an  animal  which  in  his  natural  state  breathes 
the  purest  gales  of  heaven  ? — the  answer  is,  disease,  and  even  death.  The  category 
of  diseases  produced  by  impure  air  are  principally  inflammatory,  and  caused  by  its 
irritating  qualities :  of  this  class  are  inflamed  lungs,  influenza,  catarrh,  chronic  cough, 
glanders,  farcy,  ophthalmia,  blindness,  etc.  Mr.  Youatt,  in  his  valuable  work, '  The 
Horse,'  treating  of  this  subject,  states — "  Mr.  Clarke,  of  Edinburgh,  was  the  first 
who  advocated  the  use  of  well-ventilated  stables.  After  him.  Professor  Coleman 
established  them  in  the  quarters  of  cavalry  troops,  and  there  cannot  be  a  doubt  that 
he  saved  the  Government  many  thousand  pounds  every  year.  At  first  much  evil  was 
predicted ;  but  after  a  time,  disease  that  used  to  dismount  whole  troops,  aknost 
entirely  disappeared  from  the  army.'' 

A  horse  consumes  in  twenty-four  hours,  in  respiration,  about  100,000  cubic  inches 
of  oxygen  gas,  the  vital  principle  of  atmospheric  air ;  and  when  we  consider  that 
frequently  eight,  and  sometimes  ten  horses,  are  made  to  stand  in  a  stable  not  more 
than  twenty-seven  feet  square,  each  horse  consuming  the  same  quantity  of  air,  does 
it  not  appear  imperative  that  every  precaution  should  be  taken  to  meet  the  demand  ?^ 
The  means  to  obtain  pure  air  are, — allowing  a  sufficient  quantity  of  it  to  enter  the  stable, 
and  having  apertures  so  placed  as  to  permit  the  impure  atmosphere  to  escape; 
keeping  the  stable  clean ;  removiug  as  soon  as  possible  any  evacuations ;  and  avoiding 
any  accumulation  of  manure,  or  bad  litter,  in  the  stable,  or  near  the  doors  or  win- 
dows. In  badly  paved  stables,  in  which  the  urine  lodges  between  the  interstices  of 
the  bricks  or  stones,  great  advantage  will  be  derived  by  occasionally  sprinkling  the 
floors  with  lime,  which  destroys  the  generating  principle  of  ammoniacal  gas. 

Great  care  should  be  taken  in  making  the  openings  for  the  purpose  of  ventilation, 
that  all  direct  draught  or  currents  of  air  upon  the  horses  should  be  avoided.  This 
can  easily  be  done  with  the  upper  ventilators,  by  giving  the  apertures  a  slight  in- 
clination, from  the  outside  of  the  stable,  towards  the  ceiling  or  roof  inside.  With 
the  lower  openings,  or  those  at  the  bottom,  more  difficulties  are  presented ;  but  a 
slight  glance  at  the  great  benefit  derived  by  the  admittance  of  air  at  the  floor  of  the 
stable,  will  stimulate  our  inventive  faculties  to  overcome  them.  Air  impregnated 
with  ammoniacal  gas,  which  is  always  found  to  exist  more  or  less  in  all  occupied 
stables,  frt>m  its  specific  gravity  being  much  lighter  than  atmospheric  air,  has  a 
natural  tendency  to  ascend,  and,  where  apertures  are  found,  to  escape ;  this  will  be 
much  accelerated,  if  the  partial  vacuum  caused  is  supplied  by  cold  and  dense  air  from 
the  lower  strata,  the  supply  and  escape  causing  a  free  ventilation  frx)m  the  bottom 
to  the  top  of  the  stable.  To  avoid  a  direct  current  of  air  upon  the  horses,  which  this 
circulation  would  naturally  cause,  I  propose  that  the  air  be  admitted  through  openings 
made  in  the  lower  half  of  the  doors,  near  to  the  bottom,  faced  by  a  piece  of  fiat  board 
attached  to  the  sides  by  wedge-shaped  pieces,  the  thinnest  end  at  the  bottom.    This 

*  Mr.  Stockley  considen  that  not  much  len  than  1000  feet  of  •pace  ihould  be  provided  (br  each 
hone  in  a  stable. — Ediior$, 


caiue  the  lir  to  b«  thiniiii  upmrdi. 
the  hone*.  The  apertnrei  cu  be  clued  or  opened 
of  •  ^eet  of  wood  to  fbnn  ■  lid,  to  woA  upon  hliig« 


,  ud  pferent  uj  diu^t  upon 
■t  ducretiDii,  b;  the  applkalion 
I,  tha,  in  llgi.  1  ud  2. 


There  ii  not  mncb  miichief  to  be  ipprehended  from  ii 
da;-time,  while  the  men  are  constutl;  opening  the  it«ble  doon ;  but  at  night,  » 
the  doon  tre  doMd,  ii  the  lime  to  obierre  pieciutioa.  The  dragooa  knowg  that  ^ 
hot  itable  will'  MTH  him  a  great  deal  of  labanr,  by  producing  a  fine  coat  without 
mneh  of  hil  ailiitance ;  and  many  a  laiy  fellow  has  stolen  an  opportunity  to  shot 
iMntilKton  that  have  been  left  open  by  the  non-commitsiDned  Officer  i  nicb  s  man, 
when  delected,  deMirei  Mreie  punithment.  Generally  speaking,  the  ventilator*  on 
the  lee-atde  should  never  be  closed  i  and  in  warm  weather,  all  should  remain  open. 
Let  it  be  remembered  that  cold  pure  air  never  lulled  a  hone  yet,  bat  hot  impoM  air 
bM  destroyed  thousands. 
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detfoiir  to  delect  any  diieesed  animtl,  or  to  atcertain  if  any  §Mderad  or  tedad 
kone  oeeapiet  or  oaet  the  stables.  Where  suqncitHi  arises,  the  ease  should  be  im- 
mefiaiely  reported  to  the  Inspector  of  Police,  who  should,  without  delay,  ooamranl- 
eate  with  the  Inspector  of  Billets  (who  must  be  a  Teterinary  surgeon) ;  let  faim  pro- 
ceed to  the  place,  examine  the  animal  and  premises,  and  report  to  the  Qoarter- 
Master  General  If  the  animal  proTcs  to  be  gtandered  or  farded,  a  notice  should  be 
serred  upon  the  owner,  desiring  him  to  destroy  the  horse  and  purify  his  premises, 
under  the  inspection  of  the  poUce,  who  will  receiTe  instructions  for  that  purpose ; 
should  the  owner  refose  or  neglect  to  adopt  these  suggestions,  then  let  his  name  be 
posted  at  all  police  stations  in  the  county,  specifying  the  premises,  and  warning  all 
penons  from  using  his  subles,  and  of  course  permitting  none  of  Her  M ijesty's 
hones  to  be  billeted  upon  him.  Such  a  measure  would  be  ruinous  to  any  man's 
business,  and  would  soon  prevent  gUndered  horses  being  kept  by  indifidnsls,  and 
much  lessen  the  chances  of  infection.  As  the  system  of  billeting  is  now  cairied  on, 
it  is  almost  impossible  to  march  a  dragoon  regiment  (particularly  in  Irdand)  without 
contracting  the  disease  of  glanders  or  farcy.  The  only  expense  incurred  by  the 
adoption  of  the  proposed  system  would  be  the  salary  of  the  Inspector,  which  would 

be  doubly  repaid  by  the  number  of  horses  annnslly  saved. 

O.  S. 

ARTILLERY   HOR8E.* 

In  selecting  horses  for  the  Artillery  Service,  the  price,  although  snffleient  foot 
proenring  such  as  are  useful,  will  not  admit  of  obtaining  such  as  are  remariuXde  for 
siae  and  beauty ;  the  former  is  not  desirsble,  from  the  smallness  of  the  ration  on 
wUdi  they  are  to  be  fed,  and  the  latter  being  much  a  matter  of  foncy :  3  years  old, 
15  hands ;  4  years  old,  15*2 ;  and  5  years  old,  16  hands,  sre  hdghts  fully  ample 
to  admit  of  sufficient  power  and  action  for  the  purposes  required.  The  average 
freight  of  a  5-year  old  should  be  about  11  cwt.  net,  and  80  inches  round  the  chest ; 
and  on  this  weight  and  measurement  may  be  regulated  that  of  other  ages.  It  must 
be  observed,  however,  that  difference  in  growth  and  condition  will  occasion  much 
variation.  The  above  qualities  will  then  depend  on  the  form  and  breeding.  Rotundity 
and  length  in  the  first  will  best  give  weight  and  power, — the  depth  from  the  vrithers 
to  the  brisket  should  equal  that  of  the  brisket  to  the  coronet, — the  ribs  should  arch 
from  the  spine,  and  descend  circular  to  nearly  the  line  of  the  brisket,  inclining  back- 
wards so  as  to  leave  but  a  small  space  between  the  back  rib  and  the  stifle-joint, — 
thereby  comprising  being  "  well  ribbed  up."  The  loins  should  be  broad,  and  some- 
what convex, — ^the  shoulder  blade  should  be  long  and  inclining, — ^the  breast  light  at 
the  points,  but  broad  between  the  fore  legs, — the  fore  arm  long  and  muscular,  with 
the  elbow  dear  of  the  chest, — the  shank  flat  and  sinewy,  filling  well  the  grasp  of  the 
hand, — ^the  fetlocks  without  inclining  inwards,  or  weak,  or  long, — ^the  feet  circular, 
and  somewhat  concave  on  the  soles, — the  frogs  full  and  elastic, — ^the  quarters  should 
be  long  from  the  hip-bones  to  the  buttock  points,  full  of  muscle,  descending  fsr  down 
the  thigh, — ^the  back  wide  and  well  defined,  and  the  remainder  of  the  limb  having 
the  same  qualities  as  those  described  before,  standing  straight,  and  appearing  firm  on 
the  ground.  The  head  should  be  somewhat  lean,  and  the  countenance  intelligent, 
with  a  neck  gradually  diminishing  in  size  from  the  shoulders  to  the  head :  these 
latter  parts  and  the  quarters,  with  the  tail  set  on  high,  more  or  less  denote  the 
breeding  of  the  animal.  The  action  should  be  quick,  observing  that  the  knee  and 
hock  aro  well  advanced,  and  every  limb  as  nearly  as  possible  in  a  straight  line.  Colts 
however  occasionally  **  dish,''  as  it  is  termed,  that  is,  swing  their  feet :  when  such  is 

*  By  W.  Stoekley,  Esq.,  Prindp*!  Veterinary  Surgeon,  Royal  Artillery. 
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ODtwud*,  it  ii  of  lot  imporUnee,  «i  it  moie  or  leu  ceuei  when  the  power*  of  their 
mDMle*  become  dereloped ;  but  when  inwardi,  it  become*  kn  inmmioimtable 
objectioQ  to  purchuing :  u  the  tge  tnd  souadnen  *re  within  tbe  proTince  of  the 
Veteriuuy  Surgeon,   hi*  dutia  ire   nece«**iily  defined  b;  hi*  profeMion,  if  he 


VETERINARY   DIRECTIONS.* 
— The  ordinar]'  do*e  of  every  miu  is  one  oi 


Om  aaet  of  thU  man  madt  into  a  ball,  it  a  doit  of  phyiie. — A  ball  anUahu  tntn 
drathmi  qfaloa,  the  Trmainag  drachm  being  made  up  wilA  ol.  oBvar.,  oL  earm, 
anif  infer. 

Any  hone  to  whom  a  doie  of  physic  is  giien,  ihould  be  fed  on  bnui  muhea,  in 
lien  of  cam,  until  its  operation  hat  ceased.  If  there  be  no  cause  for  its  immediate 
administration,  let  ample  bran  muhea  be  given,  by  way  of  preparalion,  in  lien  both 
of  bay  and  com,  during  one  day.  and  tbe  ball  tdminiatered  the  following  morning, 
after  tbe  bone  is  sufficiently  watered,  and  ■  couple  of  houn  at  least  before  hi*  bran 
mash  be  given  bim.  Eierciae  also,  during  the  day,  is  advisable.  Tbe  foUovring  day, 
early  in  the  morning,  after  the  horse  has  bad  water  with  the  chill  (alien  off  offered 
him,  till  he  refuses  to  drink  more,  let  him  be  walked  out  briskly  for  one  hour,  ualei* 
he  purge  t  in  which  case  let  him  be  relumed  to  the  stable,  littered  down,  frequently 
watered,  and  plentifully  supplied  with  bran  masbes.  Bat  should  the  pbjaic  not 
operate  at  the  expiration  of  hia  eierciBC,  nor  after  he  has  remained  (bur  succeeding 
boors  in  the  stable,  let  him  be  exercised  for  another  hour;  and  he  may  be  gently 
trotted  at  this  time,  should  he  still  show  no  signs  of  purging :  let  it  be  here  under- 
stood however  tbst  in  no  ease  it  a  horse  in  physic  to  be  galloped.  To  enaure 
purgation,  water  is  no  less  requisite  than  exercise. 

Should  the  animal  continue  to  purge  on  the  third  day,  let  his  bran  be  eaten  dry, 
and  let  him  be  kept  short  of  water  and  withoat  exercise,  until  tbe  physic  be  set.  As 
•ooa  as  his  dung  shsll  have  put  on  its  natural  appearance  and  consistence,  the  usual 
ration  of  provender  may  be  restored,  and  he  may  return  to  duly. 

If  the  horse  has  been  lately  taken  up  from  grass,  or  be  low  in  condition,  or  light- 
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kmgi,  in  not  to  htve  Aitt  doMs  of  pmgatife  medifliiie  given  thfln,  bill  tlie  HMtagb 
or  sedative  mess  should  be  given. 

n. — FBBniFUGS  ICA8S. 

J  baUeontaint — oloet  one  draehm,  tmiim,  tart,  one  draekM,  nitre  two  druekme,  mid 

eornmon  turpentme  three  draekme. 
In  fever,  also  in  cough  or  discharge  from  the  nose  in  ifhieh  fever  is  presenti  this 
mass  is  especially  osefol ;  and  if  the  fever  be  violent,  the  horse  ought  to  lose  three 
or  four  quarts  of  blood  before  the  ball  is  given.  Let  the  animal  be  warmly  clothed — 
a  hood  be  worn  in  catarrh — be  Uttered  down,  have  bran  mashes,  in  lieu  of  com,  and 
be  kept  stiU  and  quiet  in  a  well  ventilated  box.  The  ball  may  be  administered  once 
or  twice  a  day,  according  to  the  symptoms ;  but  it  must  be  disoontinned  irhenever 
it  seems  to  affect  the  appetite,  or  should  purging  appear  to  be  coming  on.  The 
appetite  being  restored  and  the  dung  in  balls  again,  should  it  be  required,  the  bell 
may  be  repeated. 

in. — SSDATITX  MASS. 

A  baU  eonttthu — digitaUe  one  eemple,  anthn,  tart,  one  draekm,  nitre  two  draekmt, 
Unteed  meal  three  draehnu,  and  treacle  three  draehmt. 

In  cases  of  inflammation  of  the  lungs,  these  balls  are  espedaUy  beneficial — a 
disease  in  which  colds  and  coughs  not  unfreqnently  terminate.  After  having  drawn 
four  or  five,  or  even  six  quarts  of  blood,  according  to  the  violence  of  the  symptoms 
and  the  apparent  strength  of  the  animal,  give  a  sedative  ball  three  times  a  day  at 
regular  intervals.  Let  the  sides  of  the  chest  be  well  rubbed  vrith  some  of  the 
blistering  Uquid,  clothe  warmly,  and  hand-mb  the  legs,  making  use  of  the  turpentine 
liniment  from  time  to  time  until  they  become  warm,  and  bandage  them  vrith  flannel. 
Keep  the  stable  well  ventilated. 

Should  the  symptoms  continue  nnabated,  four  or  five  quarts  more  blood  must  be 
taken  away  at  the  expiration  of  four  or  five  hours  from  the  first  bleeding,  and  the 
operation  may  be  repeated  again  in  six,  should  the  animal  continue  unrelieved. 

Let  the  horse  be  littered  dovrn,  and  have  bran  mashes.    No  exercise. 

IV. — OIU&BTIC  ICASa. 

J  ball  contaim — eommoii  tmrpentine  half  an  oimce,  nitre  two  draehmM^  and  em^fhar 

two  draehmt. 

Diuretic  or  urine  balls  may  be  given  in  all  cases  in  which  they  may  be  required, 
one  every  third  night ;  seldom  is  it  necessary  to  administer  one  every  other  night, 
and  still  more  rarely  every  night. 

Should  the  flow  of  urine  be  abundant — ^the  horse  frequently  making  eflbrta  to  stale, 
and  groaning  in  so  doing, — or  if  he  cannot  stale,  but  appear  to  experience  pain  about 
the  loins  and  hips,  and  to  be  stiff  in  moving  those  parts,  diuretie  balls  must  on  no 
account  be  given. 

Diuretics  are  beneficial  in  recent  swelled  legs ;  linen  bandages  and  walking  exer- 
cise being  had  recourse  to  at  the  same  time.  They  are  also  usefrd  in  vratery  fruicy, 
dropsy,  and  puffy  or  watery  swellings  of  all  kinds. 

V. — ALTKRATIVB   MASS. 

A  ball  eontaine — aloee  one  drachm,  calomel  one  ecruple,  enlphwr  hafan  oimce,  and 

treacle  three  draehmt. 
To  ill-conditioned  horses  that  do  not  thrive,  notwithstanding  they  eat  and  appear 
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otberwiM  in  bedth — to  horut  that  nib  themulTci  or  ttut  iMte  imiU  Inmpi  or  bare 
placet  upon  tbe  ildn  (not  maage) — balls  made  op  of  tbi>  mau  are  lerTiceable :  one 
ntj  be  giTea  erery  day  for  a  week,  or  ever;  other  day  for  a  fortnight,  nnleii  the 
hone  thonld  purge,  vheo  they  are  to  be  omitted,  aod  had  recoarae  to  again  in  the 
conrae  of*  week  or  ten  daja. 

Brniied  com,  hay  cut  into  ehaff,  and  freqaent  and  full  tuppliei  of  water,  contribute 
to  reatore  inch  honei  to  conditioo.  Walking  eierciie  once  or  twice  a  ity,  according 
to  the  itnngth  and  thrift  of  the  hone,  ii  abo  recommeuded. 


The  balla  may  be  adminiatered  with  adianttge  to  honei  affected  with  farcj  or 
tmder  nupiciOD  of  glandera,  after  the  iwelling  and  inflammation  attendant  upon 
Umm  ditettet  bate  been  abated  by  bleeding,  pnr^ng,  and  diuretic  mediciaea. 

Not  more  than  one  ought  to  be  giien  in  the  apace  of  Iwenty-four  houia ;  nor  on 
any  acconnt  ahoold  the  dote  be  continued  mleta  the  horu'a  appetite  ia  good.  At 
Mon  u  he  refnae*  any  part  of  hii  provender,  or  appeara  to  be  in  any  manncT  affected 
by  the  medidne,  let  the  baU  be  omitted. 


Ukudrmifkl  i»  prtpartd  Jbr  Jtomt  Ihaf  beeonu  gr^ed,  qffn-  tht  foUomug  ntatmtr : 
Hie  fogtthtr  Imo  omtctt  ofipiritt  of  titrptntiw  and  ont  aact  of  Unelur*  qfopmm, 
mid  add  a  pott  a»d  a  lut^ofitam  aaitr. 

In  mild  casea  of  gripea  thii  lingle  draught  will  generally  luiSce,  hut  in  violent 
attacka,  fbnr  or  five  qaaita  of  blood  ought  to  be 'immediately  tsken  away,  and  the 
dranght,  after  an  interval  of  a  couple  of  houn,  repeated  {  alto  two  or  three  ouncea  of 
the  turpentine  liniment  should  be  well  rubbed  upon  the  lurface  of  the  belly.  If  no 
dung  is  paased,  let  the  horae  be  raked,  and  have  clyalen  of  salt  and  water  (about  four 
ounces  of  salt  dissolved  in  four  qnarta  of  water)  thrown  up  every  hour  until  the 
boweli  be  related.  When  the  hone  continues  to  lie  down  and  riae  in  the  stall,  and 
a  hia  back,  relief  will  freqiigntly  be  g 
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If  the  ijaiiiUmit  do  not  qwedilj  tobiide,  draw  three  or  frar  qonte  of  Uood  agidnt 
end  repett  the  blister  to  the  bellj^end  clytten,end  tnrpentiiieliiiiiiieiit  to  theksi,  if 
not  warm. 

▼III. — ▼SnMIFUOB   POWDBR. 

Tkretdraehnu  qfthUpowder,  etnUammg  onedraehm  qfeahmel  and  two  dradim»  qf 

tartarixed  mUimomijftform  a  dot€. 
To  he  given  in  a  bran  mash  at  night  to  a  horse  having  worms,  and  to  be  ibUowed 
np  bj  the  administration  of  a  dose  of  physic  the  following  morning— paying  attention 
to  the  directions  already  laid  down  under  the  head  *  Cathartic  Mass.'    The  powder 
and  physic  may  be  repeated  in  the  course  of  a  week  or  ten  days. 

IX. — AMTl-PUnOATION   POWDSR. 

T%i$  powder  u  eon^Hued  qf  prepttred  ckaik  kaff  a  pommdf  ehmgrnan  fimr  otmem, 
tormentU  three  ouneee,  gum  arabie  three  mmeee,  and  long  pepper  kaf  an  ouNer, 
reduced  to  a  fine  powder  and  mixed  together,  with  the  addition  qfgum  opium. 
An  onnce  of  the  powder,  which  contains  only  a  scrapie  of  gam  opinm,  may  be  , 

administered  in  a  quart  of  grud  in  cases  of  continued  purging  or  scouring,  every  foor 

or  five  hoars,  or  as  drcumstanoes  may  require,  but  its  use  is  to  be  disoontinoed  when 

the  purging  is  chedced. 

X. — OISCUTIBNT  POWDSn. 

Thii  powder  i$  eompoeed  of  line  vitriol  three  draehwu,  and  bole  armem,  one  draehm. 

A  lotion  composed  of  half  an  ounce  of  this  powder  and  one  quart  of  water  is  a 
proper  application  to  sore  backs,  and  to  recent  swellings  from  blovrs  or  injuries  of 
any  kind. 

Bandages  may  be  used,  wetted  with  this  lotion,  in  sprains  of  the  bads  sinews. 

XI. — ASTRINGBMT   POWDBR. 

Thitpowder  is  composed  of  Uneeed  meal  half  an  ounce,  powdered  ahtm  hay  an  ounce, 
blue  vitriol  haff  a  drachm,  and  bole  armen,  two  drachms. 

This  powder  is  prepared  prindpally  for  grease  and  thrushes ;  but  it  is  also  a  good 
dressing  for  unhealthy  sores — or  sores  in  which  there  is  proud  flesh. 

In  cases  of  grease,  when  the  discharge  is  but  little,  and  not  very  oflRBnsive, 
besprinkle  the  affected  parts  with  this  powder :  let  the  horse  be  exercised  in  the 
morning  and  afternoon ;  and  if  the  legs  be  swollen,  let  a  diuretic  ball  be  occasionally 
administered. 

Bflt  should  the  discharge  be  copious  and  fetid,  apply  to  the  heels,  by  means  of 
pledgets  of  tow  and  Unen  bandages,  a  liniment  composed  of  this  powder  and  oiL 
This  dressing  ought  to  continue  undisturbed  for  two  or  three  days ;  during  which 
time  a  dose  of  physic  may  be  administered  with  considerable  benefit.  Let  his  food 
consist  of  bran  mashes.  As  soon  as  the  dressings  shall  have  been  removed,  the 
animal  ought  to  be  exercised  for  two  hours,  the  beds  afterwards  wiped  dry,  and  the 
liniment  again  applied,  unless  the  discharge  have  ceased ;  in  which  case  the  powder 
sprinkled  upon  the  part,  as  above  recommended,  and  a  diuretic  or  two,  will  com- 
plete the  cure.  Should  the  case  require  a  repetition  of  the  liniment,  purging  balls 
are  preferable  to  diuretics. 

Of  horses  that  have  thrushes,  lower  the  beds,  that  the  frog  may  be  upon  a  levd 
with  the  heels  of  the  shoe ;  pare  out  the  cleft  with  a  small  drawing  knife,  so  as  to 
cut  away  the  ragged  parts  of  it,  and  introduce  a  Uttle  of  the  astringent  powder  daily. 


i  the  cTMunf  liable  hoar.     If  hMt  be  perceptible  in  the  (bot,  ■  doM  of  phfric  10*7 
>e  giTea  *t  the  ume  tine. 


TlttlpOKder  ii  eompaitd  1^  ntgar  qf  Irad  two  draehmt,  tamtrie  half  a  draekm. 

So  long  u  the  e;es  appear  red  and  angij,  nothing  bnt  cold  water  should  be  made 
me  of  to  them,  with  which  they  ought  to  be  kept  continuall;  wet.  At  the  aame 
time,  if  there  be  mnch  inflamniBtion,  talie  four  or  five  quarts  of  blood  from  that  aide 
of  the  neck  correapODding  to  the  affected  eye,  01  from  tioth  tidea.  ihoald  both  eyei 
be  bad. 

When  the  inflammation  ii  abated,  iponge  the  eyei  and  eyelids  with  a  lotion,  made 
by  diuolTing  a  qoarter  of  an  ounce  of  Ihii  powder  in  ■  quart  of  cold  ipring  water, 
ieveral  timet  in  the  courae  of  the  day. 

[n  erery  cue  in  which  it  it  found  adviiable  to  drair  blood,  a  doae  of  phyiie  ii 


7Ui  iiguid  u  eampoud  of  amtharida  /our  oaneti,  and  liiuetd  oil  a  pint  atid  a  Maff.  , 

For  ure  throat,  and  jvggtd  swellingi,  in  glanden  or  farcy~for  inflammation  of 
the  Inngi,  and  inSammalion  of  the  boweli,  the  blistering  liquid  11  1  proper  appli- 
cation. 

For  apavini,  apUnta,  old  stiaina,  curba,  ling-bonea,  wind-glUli  thorough-pint,  and 
other  enUrgementa  of  jointi  that  have  no  heat  in  them,  and  *welluig«  in  general 
which  will  not  yield  to  aimple  remedies,  this  liquid  may  Ukewiie  be  used. 

Let  a  small  quantity  of  it  be  well  rubbed  in  with  the  hand — without  the  bur 
being  cut  off — and  let  the  aame  be  repeated  at  the  expiration  of  aii  hours,  thoald  it 
not  have  taken  effect. 

About  one  table-spoonful  of  this  mixture  is  auffident  (or  the  throat,  two  for  the  leg, 
three  for  the  aide  of  the  cheat,  and  to  on. 


Thit  tmnMHf  u  eonipettd  nf  tjuaiparU  ijf^rili  iff  lurpenimr  and  Hn*eed  oiL 

In  cases  of  sore  throat  and  cough  this  Uniment  nill  be  found  very  useful,  aa  well 
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fbond  a  good  drenmg  to  promole  healthy  and  ipecdy  gnniilailioii.  It  may  ho 
applied  to  exteniiTe  woondi  hy  means  of  a  ftather,  and  in  caiai  ol  teoken  kaeea 
a  pledget  of  tow  it  to  he  hoond  on  with  a  tail  handage. 

It  it  likewise  a  good  applieation  for  iit£uti,  prodneed  hy  the  pnmre  of  the 
saddle. 

ZTII. — HOOF  OINTmNT. 

Tku  oMment  ii  eongioied  qf  tar  and  train  oil,  tpuUpartt. 

This  ointment  is  intended  for  hrittle  foet,  or  snch  as  hare  sand-cracks. 
By  mixing  one  part  of  the  ointment  with  two  of  train  oil,  it  forms  a  good  appli- 
cation for  mange. 

HORSE    POWER.* 

As  this  is  the  universal  term  used  to  express  the  capalnlity  of  first  mofors  of  mag- 
nitude, it  is  very  essential  that  the  estimate  of  this  power  as  a  dynamical  nnit  should 
he  uniform. 

On  the  continent  of  Europe  generally,  the  power  of  a  steam  or  mechanical  horse 
is  estimated  upon  the  original  experiments  of  Watt  and  Bonlton,  which  assigned  to 
the  horse  a  power  of  transporting  150  Ihs.  when  travelling  at  the  rate  of  2i  miles  per 
hour.  This  estimate  was  doubtless  in  excess,  and  as  it  was  the  interest  of  the  buyer 
of  machinery  to  increase  it,  and  of  the  seUer  to  diminish  it,  as  the  machine  would  be 
respectively  equivalent  to  a  less  or  a  higher  horse  power,  the  necessity  of  reducing 
a  vague  estimate  into  a  definite  dynamic  unit  was  apparent.  Preserving,  therefore, 
Watt's  estimate,  it  was  reduced  to  a  dynamic  unit  as  a  vapour  or  mechanical  horse 
power,  and  stated  to  be  equal  to  75  k.  m.  {id.  eti,  kilogramme-mdtres)  per  second ; 
of  75  kilogrammes  raised  one  metre  per  second,  or  4500  kilogrammes  raised  one 
m^tre  per  minute,  which  is  equivalent,  in  English  weights  and  measures,  to  543  lbs. 
raised  one  foot  per  second,  or  32,580  lbs.  raised  one  foot  per  minute.  This  estimate 
being  generally  adopted  on  the  continent  of  Europe,  it  ought  to  be  admitted  by 
English  Engineers ;  or,  for  practical  purposes,  the  nnit  may  be  taken  in  round  numbers 
as  33,000  lbs.  avoirdupois  raised  one  foot  per  minute,  which  is  the  practice  of  a  ma- 
jority of  our  manufacturers  of  steam  engines. 

A  horse  travels  400  yards,  at  a  walk,  in  41  minutes ;  at  a  trot,  in  2  minutes ;  at  a 
gallop,  in  1  minute. 

He  occupies  in  the  ranks  a  front  of  40  inches,  and  a  depth  of  10  feet ;  in  a  stall, 
from  3^  to  4^  feet  front ;  and  at  picket,  3  feet  by  9. 

Average  weight  »  1000  lbs.  each. 

A  horse,  carrying  a  soldier  and  his  equipments  (say  225  lbs.),  travels  25  miles  in  a 
day  (8  hours). 

A  draught  horse  can  draw  1600  lbs.  23  miles  a  day,  carriage  included. 

In  a  horse  mill,  a  horse  moves  at  the  rate  of  3  feet  in  a  second.  The  diameter  of 
the  track  should  not  be  less  than  25  feet. 

The  expense  of  conveying  goods  at  three  miles  per  hour  per  horse  team  being  1,  the 
expense  at  4^  miles  will  be  1*33,  and  so  on ;  the  expense  being  doubled  when  the 
speed  is  5^  miles  per  hour. 

The  strength  of  a  horse  is  equivalent  to  that  of  5  men* 

The  unit  here  adopted  as  a  vapour  or  mechanical  horse  power  is  even  somewhat 
greater  than  it  would  have  been  if  strictly  calculated  on  Watt's  estimate  of  150  lbs.,  so 

*  By  Colonel  Portlock,  R.R.,  F.R.S. 
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Ibit  it  !■  deainble  to  aicertain  whtt  may  be  auunicd  u  the  d jnamic  unit  in  tbe  cate 
of  dnuigibt,  in  the  ictoal  exhibition  of  bone  power.  Mr.  Wood,  ifler  numeniin  ex- 
perimentt,  redacei  the  power  of  traction  of  a  hone  to  I2b  Iba.  when  monng  at  th« 
rate  of  2|  milei  an  hour,  and  mppoaiog  hi*  etbrta  conUnued  for  8  honii  in  tbe  da; ; 
2tinilet  ^  ^^  13,gO0  feet  _ 
60  minnle* 

Tionily  Mtiniated  tbe  powen  of  trtetioo  at  1121bi.,  according  to  which  tbedTnamic 
unit  would  be  24,640  Ibi.;  and  othen  hiTs  carried  it  lower,  or  nearly  eqninleot 
to  22,S001bi.  But  it  ia  further  deairable  to  ondentand  the  manner  in  which  thii 
prindple  of  a  dfoamic  unit  of  effectite  force  it  carried  into  practice,  ai  a  difficnlt; 
ia  occaMontlly  felt  id  diitinguishing  between  tbe  actual  value  of  tbe  physical  force 
exercited  by  a  hone,  and  the  compound  reaultant  of  it>  operation  in  draught  It  bai 
been  atal«d  b;  H.  Regnier,  that  the  extreme  effort  of  a  good  borae  is  tofflcient  to 
Ofercome  a  reaiitance  of  400  kil<%rammei,  or  about  8S3  Ib«. ;  bnt  tbii  eftbrt 
coold  not  he  continued,  and  it  ia  therefore  neceaaaiy  to  adopt  a  standard  loited  to  tbe 
r^ular  and  continued  action  of  the  animal — namely,  125  Iba.,  aa  given  by  Mr.  Wood. 
If  tbe  weight  to  be  moved  be  aupported,  the  reaiatance  to  be  overcome  ia  that  of  fric- 
tioD,  and  will  be  in  relation  to  tbe  nature  of  the  support,  thna  : — 

Slti^  motinf  on  teoodm  raiU. — Friction  0'70  of  weight  on  first  itarting,  to  that 
the  weight  which  one  hone  coald  move  with  ease  woold  be  167  Ibt. ;  but  Ibii  might 
be  estimated  higher,  as  the  friction  is  less  after  tbe  sledge  hu  commenced  its  motion. 

A  carriagt  on  an  iron  rail  Or  tram-road. — la  this  case  Mr.  Wood  eitimatea  the 
renstance  at  81  Ibi.  per  Ion,  or  about  the  2S4th  part  of  the  toad :  bence  the  practj- 
cahleload,  under  such  circomttancei,  of  a  horae  is  33,000  lbs.,  moving  as  before  at  tbe 
rale  of  2^  miles  an  hoax  for  8  hours. 

A  carriage  on  an  or^nary  road. — The  friction  of  a  common  cart,  the  axles  being 
in  proper  order,  has  been  estimated  at  0'08  of  the  load :  hence  tbe  practicable  load 
wiUbe  — =  lS62|lba.    Ur.  Haawen  ettimates  it  at  ISOO  lbs.  contiiined  tbr  23 

e  form  of  dynamic  nniti,  they  will 

Vapour  or  mechanical  horse  power    .  33,000  lbs.  av.  moved  1  ft.  per  minute. 

True  traction  horse  power,  at  12S  lbs.  27,S00lbs.  „  „ 


HURDLE. 
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day's  work  of  a  hone  on  a  railroad  is  estimated  at  only  115  tons,  working  11^  hQiirs 
at  2i  miles  per  hour,  which,  for  8  hours,  would  be  only  80  tons ;  so  that  the  friction 
is  here  estimated  at  21  lbs.  per  ton.  In  using  the  Table  for  absolute  results,  these 
diffSerences  must  be  kept  in  view ;  but  as  regards  the  relative  results  at  different  rates 
of  speed,  they  need  not  be  noticed. 

Table  of  the  Amount  of  Labour  a  Horse  of  average  Strength  it  etg^le  qf  performing, 
at  different  Velocities^  on  Canal»t  RaHroadt^  and  TVtm/TtA^. 

Force  of  traction  estimated  at  83*3  lbs. 


• 

Velocity,  in  miles 

Duration  of  the 

Useful  effect  foi 

■  one  day,  in  tons  drawn  one  mile. 

per  hour. 

day's  work. 

On  a  Canal. 

On  a  Railroad. 

On  a  Turnpike. 

Miles. 

Hours. 

Tons. 

Tons. 

Tons, 

2i 

lU 

520 

115 

14 

3 

8 

243 

92 

12 

3i 

5A 

153 

82 

10 

4 

4i 

102 

72 

9 

5 

2A 

52 

57 

72 

6 

2 

30 

48 

6 

7 

\\ 

19 

41 

51 

8 

H 

12-8 

36 

4-5 

9 

Oft 

90 

32 

40 

10 

Of 

6-6 

28*8 

3-6 

The  actual  labour  performed  by  horses  is  greater,  but  they  are  injured  by  it. 

HURDLE.* — Hurdles  consist  of  strong  wicker-work  of  a  rectangular  form,  and 
are  occasionally  useful  in  a  siege,  or  in  revetting  fleld-works. 

The  best  size  for  military  purposes  is  6  feet  long  and  2  feet  9  inches  high.  The 
same  kind  of  picket  will  therefore  answer  as  in  making  very  strong  gabions ;  and, 
generally  speaking,  the  rods  for  hurdles  should  not  be  much  less  than  an  inch  in 
diameter.  An  even  number  of  pickets  must  always  be  used,  and  ten  is  a  good  pro- 
portion for  a  6-feet  hurdle,  although  woodmen  generally  employ  only  eight  for  a 
hurdle  of  that  length.f 

In  preparing  to  make  a  hurdle,  it  is  necessary  to  describe  an  arc  of  a  circle  on  the 
ground,  with  a  radius  of  about  8  feet,  making  the  length  of  the  arc  6  feet.  This 
space  must  be  divided  into  nine  equal  parts.  A  picket  is  then  driven  into  the  ground 
at  each  end  of  it,  and  others  into  every  intermediate  point  of  division,  making  ten  in 
all.  Then  the  wattling  is  begun  on  the  same  principle,  nearly,  as  in  gabion  making, 
excepting  that  it  is  not  worked  round  a  circle,  but  in  a  continued  line ;  and  therefore 
when  a  rod  reaches  one  of  the  extreme  pickets  at  either  end,  part  of  it  must  be  twisted 
like  a  withe,  and  be  bent  round  the  picket ;  after  which  it  must  be  worked  in  the  con- 
trary direction. 

The  woodmen  assert,  that  hurdles  intended  to  be  straight  must  always  be  curved 
in  the  first  instance,  as  above  directed,  in  order  to  prevent  them  from  being  crooked 
when  pulled  out  of  the  ground,  which  they  say  that  those  made  in  a  straight  line 
invariably  become.     And  in  hurdle  making,  they  use  a  wooden  sleeper,  moderately 


*  From  the  Course  of  Instruction  at  Chatham. 

t  The  hurdles  made  by  the  Kentish  woodmen  are  either  8  feet  long,  with  ten  pickets,  or  6  feet  long, 
with  8  pickets ;  and  are  usually  3  feet  high. 

VOL.    II.  T 


cnrtMl,  with  bolea  for  the  picketa  on  iti  upper  lurfMe,  which  tbaj  laj  flnah  with  the 
lerel  of  the  ground ;  bnt  it  would  not  be  worth  while  to  make  lue  of  luch  ileepeii  in 
the  field.    The  annexed  flgnre  ii  the  pUn  of  ■  hurdle  commenced  in  a  cnne,  •corad- 


1  hurdle,  the  men  work  from  the  bottom  upwirdi,  oa  in  gibioD 
making,  but  the  fint  rod  ii  not  pretied  down  cloe  to  the  ground,  excepting  in  the 
centre.  Both  iti  enda  are  raised  about  9  inchea  above  the  ground,  and  there  bent 
round  the  extreme  picket*  by  twisting.  Thus  the  fint  rodi  used  form  in  arc  of  a 
circle,  coQcaTe  on  the  upper  aide.  The  aecond  and  third  rodi  are  bent  ronnd  the 
extreme  pickets,  aa  close  to  the  ground  as  possible,  at  each  end  of  the  hurdle,  hot  in 
the  centre  the;  rite  higher  than  the  first  rods  used ;  and  thus  the  first  three  or  four 
rods,  or  rather  conrses  of  rods,  composing  the  web  of  the  hurdle,  are  interlaced  in 
*ucb  a  manner,  hj  crosung  each  other  towards  the  centre,  u  to  prevent  the  sepai*- 
tion  of  that  part  of  the  web  from  the  pickets. 

The  ends  of  the  rods  are  kept  in  their  places  by  preiung  against  a  picket,  which 
jani  them,  and  they  are  cut  off  about  an  inch  in  rear  of  it.  It  is  not  good  woik- 
manihip  to  commence  or  finish  with  a  rod  by  culling  it  off  in  this  manner  dote  to 
either  of  (he  eitreme  pickets,  as  the  twisted  joint  formed  by  beading  the  middle  of 
a  rod  round  those  pickets  evidently  gives  greater  firmness  la  the  work. 

After  hiving  been  coiomenced  aa  deacribed,  the  remainder  of  the  web  ia  worked  op 
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the  bottom  upwards,  or  at  least  for  several  courses  at  the  bottom,  middle,  and  top ; 
for  this  undoubtedly  gives  greater  firmness  to  the  work.  But  the  precautions  before 
described  for  interlacing  the  lowest  and  finishing  the  uppermost  courses  of  the  web, 
render  it  unnecessary  to  use  vertical  withes  for  binding  it,  as  in  gabion  making. 

NUMBER   OF    MEN,   TOOLS,   TIME,   AND   WEIGHT. 

The  men  and  tools  to  be  nearly  the  same  as  for  gabion  making,  but  with  more  bill- 
hooks than  knives,  and  with  a  line  ten  feet  long. 

The  probable  time  for  making  a  6-feet  hurdle  would  be  about  three  hours ;  and  it 
weighs  about  50  lbs.  when  the  wood  is  dry. 

HUT.* — Huts  for  military  purposes  are  temporary  buUdings  of  wood  or  other  ma- 
terials, constructed  in  haste,  to  secure  troops  from  the  effects  of  weather  in  a  better 
manner  than  tents  will  do,  when  it  is  intended  to  occupy  ground  during  the  wet 
season.  Some  remarks  on  the  subject  have  already  been  made  under  the  head  of 
"  Castrametation." 

The  experience  of  the  Crimean  campaign  has  strengthened  the  conviction  that  it 
is  always  best  if  possible  to  supply  the  troops  with  materials,  and  let  them  hut  them- 
selves; and  the  Committee  appointed  to  investigate  the  matter  reported  favourably  of 
only  two  classes  of  huts,  one  English  and  one  Sardinian,  the  latter  being  constructed 
by  the  Sardinians  with  nothing  but  the  brushwood,  ete.,  found  on  the  spot,  except  in 
the  case  of  stables,  for  which  they  were  supplied  vrith  scantling  and  boards  for  the  roofs. 

These  huts  are  described  as  follows : — 

**  They  are  dug  out  about  three  feet ;  the  roof,  which  is  made  of  wattling  or  brush- 
wood on  rough  rafters  coming  down  to  the  ground,  is  covered  with  sundry  coatings 
of  mud,  in  which  is  mixed  a  small  quantity  of  refuse  chopped  straw  or  hay.  Each 
hut  is  calculated  to  hold  six  Infantry  soldiers,  or  four  Cavalry ;  the  latter  having  their 
horse  appointments  with  them  in  the  hut.  Each  hut  has  its  fire-place,  and  is  quite 
warm  and  weather-proof:  no  signs  of  damp  were  observed  in  them.  Where  the 
ground  was  very  rocky,  instead  of  excavating,  rough  stone  walls  were  built,  and  the 
roofs  placed  on  them."    (See  figs.  1  to  6.) 

The  only  English  hut  recommended  by  the  Committee  was  the  Gloucester,  as  con- 
forming most  nearly  to  the  supply  of  simple  materials.  It  is  28  feet  long,  16  feet 
wide,  about  6  feet  high  to  the  eave  and  14  feet  to  the  ridge.  It  will  be  best  described 
by  giving  the  contents  of  packages  supplied,  and  the  directions  sent  out  for  erecting 
them,  as  follows.    (See  also  figs.  7  to  11.) 

directions  for  brbctino  the  soldiers'  hut. 

Prepare  and  level  the  ground  28  ft.  long  by  16  ft.  wide,  the  size  of  the  building; 
and  as  much  as  possible  provide  small  stones,  gravel,  or  ballast  6  inches  or  a  foot 
deep,  for  the  sills  to  rest  upon. 

Unhoop  the  packages,  and  keep  the  pieces  composing  each  together,  with  the  letter 
mark  exposed  to  view,  for  reference. 

D  contains  the  two  end  sills. 

C,  the  four  side  sills ;  one  14  ft.  3  in.  sill,  and  one  14  ft.  sill  for  each  side.  Place 
these  on  the  ground  perfectly  level ;  nail  and  secure  the  lap  down,  running  a  line  or 
string  along  the  outside,  to  keep  the  side  sills  straight,  and  measuring  from  corner  to 
comer,  to  keep  the  frame  perfectly  square, 

*  Compiled  by  Captain  Binney,  R.E.,  from  the  report  of  tke  Committee  appointed  to  report  on 
the  huts  used  in  the  Crimea. 
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/  and  0  ooQlain  tbe  pott*.    Fix  tbem  >U  io^tbe  lill),  and  driTe  them  home,  A^' 
tinguiihiag  the  foui  mgte  poili  tnd  ths  four  door  posle  with  the  notchei  iniide  for'  .. 


If  them  oD  the  poite,  and  diiTe  home  a 


H  contiiaa  the  aide  tTaoioma.     Driie  them  ill  home,  fluih  irith  the  omtiide. 

N.B.  It  would  now  be  deiirable  to  keep  logelher  in  piece  the  aaglea  of  the  hnl  by 
temporary  brace*,  oaing  a  roof  or  aide  board. 

F  contain*  the  raflera  of  the  roof.  Pot  tbem  together  on  the  floor,  nailing  on  the 
coUtn  and  upright  banging  juece  in  the  centre  ;  and  lay  the  five  roof  frames  opon 
each  other,  to  preierre  exactly  the  aame  span  in  eaeh. 

Get  the  exact  gpan,  meaiuring  upon  the  floor  &om  ail)  to  aill,  acroaa  the  fatit ;  then 
ftx  on  and  nail  down  the  roof.  In  erecting  the  loof,  bnce  eacb  roof  rafter  to  the 
*ilta  by  the  roof  boarda. 

N.B-  Tbe  roof  boards  are  made  to  project  over  the  tido  and  windows  abont  4  in., 
hot  if  it  he  wiahed,  in  aituations  not  mach  exposed  to  wind,  to  give  a  greater  pfofec- 
tion  or  overlap,  cut,  upon  tbe  floor,  the  liTe  raften  3  or  4  inches  shorter,  aa  ihorc 
npon  tbe  plan  X  and  Y,  in  the  direction  of  the  dotted  lines,  talcing  care  to  cot  equal 
lengths  off  each  [tflcr ;  tbe  roof  boards  will  then  project  further  out  at  the  eavet,  and 
the  roof  itself  be  a  little  loner. 

L,  Jf,and  JVcontun  the  side  bosrda.  Nail  them  oa  against  the  silll,  transoms,  anf 
platea,  keeping  the  topa  well  within  the  plates,  so  sa  not  to  prevent  the  roof  board*  ' 
being  nailed  againat  them.  Put  on  the  aUeti^orer  each  joint  of  the  aide  boai4i, 
nuling  them  well  down. 

The  windows  thouldnow  be  fixed,  and  are  intended  to  run  outside  upon  the  window 
filleta  nailed  againat  tbe  boarding,  and  througb  into  the  tranioma ;  and  one  fillet,  also, 
for  the  top  of  the  window,  nailing  against  each  window  fillet  a  smaller  one,  to  form  a 
top  and  bottom  grooie  for  tbe  window  to  run  into ;  thus,  Ba . 

E  contains  purlins.    Plsce  them  on  the  roof,  and  nsil  them  to  the  raflers. 

C  and  B  contain  the  two  ridge  ineces-:  Lay  tbem  on  tbe  roof,  and  nail  down. 

/  and  £' contain  tbe  roof  boards.  Nail  them  on,  keeping  the  top  ends  clear  ag^nrt 
each  other,  and  commencing  from  one  of  the  ends  of  the  hut,  allowing  a  projection, 
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C,  2  uUi,  14ft.  3 in.  by  3 in.  by  3 in.;  2  plates,  14  ft.  3 in.  long;  2  ditto,  14ft. 
long ;  2  sills,  14  ft.  long ;  1  ridge,  14ft.  long. 

D,  8  window  fillets  or  runners  outside,  4  ft.  6  in.  by  l^in.  by  1  in. ;  2  sills,  16  ft- 
by3in.by  3in.;  2  plates,  16ft.  long;  4  shelves,  16  ft.  by9in.  by  lin.;  3oollar8, 
13  ft.  by  4^  in.  by  1^  in. ;  4  end  transoms,  6  ft.  6  in.  by  3  in.  by  2  in. 

E,  8  purlins,  14  ft.  by  3  in.  by  3  in. ;  1  ridge. 

F,  10  rafters,  12 ft.  by  3 in.  by  3in. ;  3  ridge  caps,  9  ft.  6 in.  by  3 in.  by  24n. 

G,  12  posts,  6  ft.  by  3  in.  by  3  in. 

H,  8  side  transoms,  7  ft.  by  3  in.  by  2  in ;  8  fillets,  7  ft.  by  1^  in.  by  i  in. ;  5 
collars,  7  ft.  by  3  in.  by  2  in. ;  3  hangers,  7  ft.  by  3  in.  by  1^  in. 

/,  2  posts,  6  ft.  by  3  in. by  3  in.;  2  doors,  5 ft.  7  in.  by  27  in.  by  |  in.;  2  windows, 
2  ft.  8  in.  by  22  in.  by  li  in. 

/  (four  of  these),  14  roof  boards,  12  ft.  by  8  in.  by  f  in. ;  14  strips,  12  ft.  by  2  in.  by 
f  inch. 

K  (two  of  these),  15  roof  boards,  12  ft.  by  8  in.  by  f  in. ;  15  strips,  12  ft.  by  2  in. 
by  f  inch. 

L  (three  of  these),  14  side  boards,  6  ft.  by  8  in.  by  f  in. ;  14  strips,  6  ft.  by  2  in.  by 
f  inch. 

M  (two  of  these),  15  boards,  6  ft.  by  8  in.  by  |  in. ;  15  strips,  6  ft.  by  2  in.  by  |  in. 

AT,  12  boards,  3ft.  Sin.  by  8in.  by  f  in.;  12  strips,  3 ft.  3 in.  by2in.  by|  in. 

0  (two  of  these),  1  end  package,  24  boards,  and  24  strips. 

P  (five  of  these),  12  floor  boards,  6  ft.  by  11  in.  by  1  in. 

Q,  8  ventilators  and  fillets,  16  in.  by  11  in.  by  1  in. 

One  box,  containing  hinges,  lock,  bolt,  1  hanmier,  1  gimlet,  nails,  screws,  screw, 
driver,  and  lithograph  of  hut. 

For  HotpiiaU,  the  huts  should,  if  possible,  be  double-boarded.  The  porch  at  one 
end  to  have  the  entrance  door  direct,  for  convenience  of  entry  vrith  a  wounded  man. 
The  porch  at  the  other  end  to  be  arranged  for  two  privies,  vrith  large  tubs  placed 
under  to  receive  the  soil,  etc.,  and  a  hinged  door  on  the  outside  to  be  lifted,  for  the  pur- 
pose of  removing  the  tubs.    The  outer  porch  door  would  here  be  placed  at  the  side. 

The  footings  should  be  raised  for  a  hospital  hut,  the  rentilators  at  top  large  and 
carefully  screened  to  keep  out  rain,  etc.,  and  the  eaves  should  project  not  less  than 
18  inches,  to  carry  all  wet  clear  of  the  sides.  Great  care  should  be  taken  with  re- 
ference to  the  stove  pipes,  each  piece  of  which  should  have  a  shoulder,  to  prevent 
them  slipping  on  each  other. 

In  one  of  the  Sardinian  hospitals,  a  frame- work  with  shelves  ran  along  the  centre 
of  the  ward,  for  the  cups,  plates,  etc.,  for  the  patients,  the  heads  of  whose  beds  were 
towards  the  frame-work ;  a  plan  approved  by  their  medical  ofilcers,  as  obviating  the 
risk  from  draughts  and  damp  through  the  walls. 

For  SiableSf  the  Committee  recommended  "  scantling  and  boarding  f  in.  thick,  to 
construct  the  roof ;  the  boards  being  laid  horizontally,  and  overlapping.  Hooks  or  pegs 
should  be  fastened  the  whole  length  of  the  stable,  for  the  horse  appointments,  and  the 
walls  constructed  of  mud  and  litter,  which  could  slope  outwards  at  an  angle,  the  inside 
being  supported  by  brushwood  or  staves  of  old  casks.  These  walls  are  quickly  con- 
structed, and  in  warm  weather,  when  they  are  not  required,  they  are  easily  removed." 
These  roofs  would  do  vrithout  canvas.  On  level  ground  the  horses  may  be  in  two 
rows,  placed  head  to  head. 

The  following  paper  contains  most  useful  suggestions  with  reference  to  the  con- 
struction of  huts  generally,  as  the  result  of  actual  experience. 

"  The  best  materials  for  constructing  a  hut  should  consist  of  scantling  of  two  sizes ; 
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tbclntZ  B.  bf  3)  im.  Ihid,  udl6ft.k>Bf;  tlieatherlliB.t73m.tlik^udllft. 
long.  The  fint  ibonld  be  ten'  ileepeii,  mil  pliUi,  nprigfau,  ud  joiiti;  the  other 
■bOdU  be  for  raflcn,  ridge  pidei,  end  bneeL  For  ileepen,  wall  idUet,  end  joiiU, 
•oeb  Muitling  woobl  •nawer  in  two  lengthi,  for  »  hat  32  ft.  long,  ind  one  length  for 
the  breadth.  One  length  cot  in  hairei  woold  make  two  apri^ta,  aUaoing  the  wall 
plate*  of  the  hut  to  be  eight  feet  from  the  ileeper.  The  leanthng  lor  the  mflai  il 
the  reqoiate  length  for  a  hot  1 6  ft.  wide,  u  ai  lo  giie  the  roof  a  good  pitch. 

"  The  ddei  (honld  be  boarded  with  {-in.  deal  boaitl,  in  IS-ft  lengtbi,aDd  II  in. 
wide.  Tbu),  tUowiog  If  in.  lap,  there  would  be  (ixtj  b«arda  to  a  fant.  The  roof 
ahould  be  corered  cImc  with  |.in.  deal  boaj^  iIm  16  ft  kwg,  and  1 1  in.  wide.  Each 
roof  woold  therefore  require  fart;.ei^t  hoarda,  and  aii  for  the  gablet. 

"  The  coaneM  deacription  of  itrong  calico,  two  yards  wide,  and  well  tan«d.  woaM 
effectn^f  eulade  the  nin.    The  doonand  windowitba^  be  tent  not  ready  made. 

"  The  tcantling  tod  f.iii.  board  would  dofortniMng  a  camp  bed  the  whole  length  of 
the  hat. 

"  2-in.  naili  for  the  roof,  and  Zf-in.  for  the  lidei,  with  clout  naiU  far  the  eanvaa, 
woold  be  moat  effideot. 

"  The  rcMoiu  for  our  coming  to  thii  detenninatian  are  a*  followa  : — 

**  The  ordinary  hnta  Mot  out  in  panels  pack  badly  on  Ijoard  thip,  by  which  a  great 
deal  of  the  stswage  i*  loet  Boaidi  and  «c«ntling  would  pack  perfectly  clou,  and  no 
space  would  be  loit. 

"  If  any  portion  of  a  ready-made  hut  be  loit  or  datnaged,  it  ig  difficult  to  refriacc ; 
whilit,  with  boards  and  scantling,  hots  can  be  made  of  the  i 


"  Tbe  present  huts  bdng  all  orer  f-in.  boards  double,  an  moch  hetrier  than  ic- 
quiaite.  Tbe  ordinary  felt  is  heavy,  liable  to  dam^,  and  lecy  teldom  renders  the 
roof  wfter-tigfat ;  whereas  the  calico  woold  be  light,  readily  applied,  and  mnch  more 
effectual  in  excluding  rain. 

"  Fran  experience,  we  have  fonnd  that  the  ordinary  skilled  labour  in  a  regiment 
would,  with  little  guidasce,  pat  up  a  hnt  ^  Kanttiog  siod  boards  in  lew  time  than 
one  of  the  prepared  hats,  and  there  can  he  no  qnestioo  of  the  Itoards  and  scantling 
bting  carried,  either  in  carta  or  on  men'i  riioolden,  much  more  economically  than 
tbe  framed  panels. 

"(Signed)  W.  BaUey,  Assistant  A^iutant-General j  F.  Wakefield,  Commissariat 


The  Ireei,  after  being  felled,  are  cat  into  logi  of  luffident  lengthi  to  match,  and 
to  >uit  the  intended  bnilding.  I  will  however  inppote  one  iccording  to  the  accom- 
panying disgrami  (figa.  1  end  2),  which  ii  the  common  liie  uinall;  adopted  in  a  pri- 
mitive settleoieat.  The  bark  ii  genenll;  taken  off,  and  the  angle  joints  are  fbnoed 
by  notching  (ice  Gg.  1,  A,  A]  one  log  half  ita  thickneu  into  the  other  with  an  aie, 
and  pinning  them  together :  a  projection  of  a  few  incbet  ii  left  in  each  log  at  the 
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■n^Mi  the  log!  tn  thiu  euTied  np  in  oonrtM  to  the  intended  height.  Tbe  joint* 
between  tiie  logt  are  then  mide  water-tight  bj  ■  itnfflng  of  dij,  or  wattle*,  aallowt, 
or  anuU  bruche*  of  aoft  vood;  and  tbew  jolnti  are  then  lined  with  latba,  or  the 
whole  interior  boarded,  if  inch  boaidt  ran  be  had,  which  ii  prefoable. 


f^.  3. — Flan  of  a  Log  Hut.    Timben  aquared  and  dap-boarded. 
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out.  Thft  outtide  is  then  often  dap-bovrde^  (lee  llgt.  S  and  4).  It  it  iml  to 
hare  a  ledged  door,  and  one  or  two  windows,  with  glaied  sashes  and  shntten.  The 
roof  may  be  framed  with  scantling  of  conesponding  dimensioBS  to  Tradgold!^  Bnlea» 
or  eren  of  more  slight  materials ;  and  covered  either  with  boards  to  lap  over  eadiotbefy 
or  boards  laid  flat  and  shingled,  or  with  laths  and  shingles,  or  lAich  baik. 

It  is  seldom  that  the  poor  settler  can  aiford  to  bnild  a  chimney ;  his  only  mena 
then  left  of  warming  his  hnt,  which  is  indispensable  in  sndi  a  cold  climate  as  Canada, 
is  by  a  stove  and  pipe,  the  latter  passing  through  the  rool^  haying  a  dear  spaee  of 
about  one  foot  around  it,  to  receiye  a  piece  of  sheet  iron  or  block  tin,  whidi  is  let 
into  the  wood-work  as  a  precaution  against  fire,  in  case  the  pipe  should  beoome  red- 
hot.  A  wooden  floor  is  desirable ;  but  in  many  instances  the  settler  resorts  to  a 
cheaper  kind,  made  of  the  day  or  soil  on  the  spot,t  mixed  with  wood  ashes  obtained 
from  the  cleared  land,  after  the  timber  is  bomt  off:  this  mixture  makes  a  tolerably 
durable  terraced  floor. 

A  hut  of  the  former  description  may  be  built  by  two  men  in  about  a  week ;  b«t  of 
course  without  sashes,  or  any  neat  work  which  requires  the  more  experienced  hand 
of  a  good  carpenter. — H.  P.  W. 

Pisk   HUTS. 

PCf^  Work,X — Within  a  convenient  distance  of  the  spot,  another  must  be  fixed  upon 
to  supply  the  earth  for  the  walls  of  the  hut. 

But  it  will  be  necessary  to  prove  the  quality  of  the  earth  before  proceeding  for- 
ther ;  and  for  this  purpose  the  vegetable  mould,  turf,  or  whatever  the  surfoce  may 
be  covered  with,  should  be  turned  aside ;  and  if  the  upper  part  appear  sandy  and  poor, 
dig  a  little  deeper,  and  if  the  quality  does  not  at  aU  impnuve,  try  another  spot  in  the 
same  manner ;  and  having  found  some  which  has  a  richer  appearance,  or  if  sudi  should 
fortunatdy  be  found  on  the  first  trid,  it  will  come  up  with  the  spade  or  piduun  In 
lumps :  if  it  have  stones  amongst  it,  so  much  the  better ;  and  gravd  whidi  has  a 
small  portion  of  clay  intermixed,  which  is  known  to  labourers  in  Eng^d  as  good 
binding  gravel,  will  be  as  good  a  sort  as  can  be  found.  Anything,  in  short,  will  do 
but  the  poorest  dry  sandy  soil  or  fat  clay,  and  even  these  will  make  very  good  wdls 
when  mixed  together,  for  doing  which  directions  will  be  given  as  we  proceed. 

We  must  now  direct  our  attention  to  the  mould  in  which  the  waUs  are  to  be 
formed,  which  is  very  simple,  but  consists  of  severd  parts.  We  have  not  given  any 
directions  respecting  this  machine,  but  it  ought  to  be  provided  before  we  arrive  at 
this  stage  of  the  proceedings,  because  it  will  be  better  if  made  by  a  carpenter,  and 
of  seasoned  materids ;  for  on  this  depends  not  only  the  appearance  but  stability  of  the 
wdls.  If  well  made,  there  will  also  be  much  less  trouble  and  diflScdty  in  fixing  it  as 
the  work  proceeds.  But  it  does  not  follow,  that  because  a  mould  cannot  be  got  which 
is  made  by  a  carpenter,  and  of  the  exact  size  and  sort  of  materials  here  recom- 
mended, that  earthen  wdls  cannot  be  built ;  but,  if  made  in  any  other  way,  the 
nearer  the  approach  to  it,  the  better  will  be  the  condition  of  the  walls.    And  this 


remark  will  apply  to  every 
other  part  of  these  instruc- 
tions, which  are  the  best 
we  can  advise,  where  they 
can  be  acted  up  to,  but 
which  must  be  altered  to 
suit  the  circumstances  un- 
der which  they  are  caUed 
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*  Called  weather-bowds  in  England.— Sditorr.       f  VUIm  Article  *  CaetrameUtion.*— MUkrv. 

X  Common  in  the  eovth  of  Fnnce. 


iatoopentioii.  The  tidei,wUehirelhapriBeiinlput  of  the  moald,«re  re^wwtei 
ia  flg».  i  tad  6. 

Fig.  A  i*  the  beck  of  one  lide  of  the  mould,  end  fly.  Gii  tlie  front  of  the  mow  dde, 
In  Bikiiig  Mch  «de,  take  - 

irell-teiMned  deil  board*,  ^' 

10  feet  long  »nd  f4neh  . S S 

thick,  with  M  few  kMt*  u    

ponibla,  ud  parlbettj  fraa 
from  up  (which  ihom  it- 

eelf  in  blue  ilreaki  on  the   

tide*  of  nch  beud*),  wid  I 

u  n»nj  of  tiiem  m  will 

make,  when  Gniihed,  2  fiset  9  inchei  in  width  (flg.  S  ahow*  four) :  tfaej  ■honhl  be 
planed  on  both  lidei,  and  grooBid  uul  lotigited,  aod  Udgtd,  which  meant  tttengthened 
^tj  piecei  nailed  or  icniwed  on  the  back,  aa  ahown  by  b,  b,  b,  b,  flg.  S.  Thete  ledge*, 
of  which  there  ibovld  be  toar,  maj  be  of  the  tame  sort  of  boirdi,  B  indiei  wide, 
and  reach  from  the  top  to  within  half  an  inch  from  the  bottom,  where  thej  are  lawed 
olf  aqnare. 

The  head  of  the  mould  it  made  in  the  aame  way  ai  the  lida;  only  one  will  be 


Teqnired,andDfthe  tame  width  ai  the  intended  thieknoa       Fia,  7. 
of  the  wall,  which  we  ihall  luppoK  to  be  14  inchea.     .     1 
Fig.  7  ia  the  back  of  it,  and  flg.  B  the  front.    When  in  i„ 

oie,  it  ii  kept  in  itt  place  between  the  lidea  by  iron  pins. 

The  aide*  of  the  moold,  when  fixed,  are  tupportedbf  I 

fooT  beaiert  or  joiiti  lying  upon  the  course  or  portion  of  ° 

wall,  immediately  ondet  the  one  about  to  be  laiied ;  they      ' — ' — 
are  tbmed  of  iquare  timber,  2  feet  6^  inchea  long,  and  in  size  3  iacbei  oni 
31  inch**  the  other.   The  part  which  liea  appermoit  when  fixed,  which  i 
wide,  ii  ahown  at  fig.  9  ;  a  ii  the  apace  on  which  the  wall  comet ;  b,  i,ut 
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view  fd  theiuie:  the  putt  «fccv0»ilM»wUiet6BOB,tlyitievftpof<ioB«tthebotteB 
dT  the  port,  4  inehee  long,  inm  whieh  en  inch  im  thidkneee  ie  cot  ftmj  on  e*di 
fide,  letTing  1  iooh  in  the  middle,  end  helf  en  inch  off  the  hiek»  whiA  cmee  it  to 
fit  into  the  mortise  of  the  bearers  e,  e,  at  figs.  9  and  10,  in  wluch  w^  |«  «|^  |^^ 
thej  stand.  Thus,  4  feet  6  inehea  being  the  length  or  height  of  eadi 
poft ;  half  an  inch  of  the  tenon  will  be  seen  under  the  bearer, 
3i  inches  of  the  same  will  be  in  the  mortise,  2  feet  8i  inches  will 
be  the  height  of  the  side  when  dropped  into  the  groove,and  1  foot 
H  inches  of  each  post  will  stand  abore  it. 

The  stmts  may  be  four  pieces  of  wood  of  almost  any  description, 
with  the  ends  sawn  off  fair ;  but  if  they  are  of  the  sane  sine  aa 
the  bearers,  it  will  lessen  labour,  as  will  be  afterwards  pointed  out. 
They  are  to  fit  in  between  and  press  the  upper  pait  of  the  sides  o£ 
the  mould  against  the  uprights,  and  thereby  give  to  the  wall  ita 
proper  thiduiess  throughout. 

We  come  now  to  speak  of  the  rammer  or  beater  witii  whioh 
the  earth  is  rammed  in  the  mould,  which  is  a  tool  of  greater 
consequence  as  regards  the  firmness  and  durability  of  the  wo^ 
than  would  be  at  first  supposed.    The  form  most  likdy  to  give  the 
desired  effect  is  shown  at  fig.  13,  which  is  the  firontof  the  rammer; 
and  §$.  14  is  the  same  seen  edgewise.    It  should  be  made  of  oak, 
vrafaiut,  beech,  ash,  or  any  other  heavy  hard  wood; 
and  if  the  butt  end  could  be  formed  of  the  root  of 
either  of  these  sorts  of  wood,  it  would  be  the  better, 
because  that  is  always  tourer  and  is  less  liable  to 
apUnter  off.   According  to  the  form  shown  at  figs.  13 
and  14, it  is  4  feetfi inches  long,  5  inches  wide, and 
2i  inches  thick  at  the  butt  end,  tapering  up  to  the 
end  of  the  handle,  where  it  is  1^  indi  through  it. 

In  order  to  show  the  position  of  the  mould  and  of 
its  different  parts  when  fixed,  we  have,  fig.  15,  given 
a  section  of  it,  with  a  part  of  the  underneath  course 
of  the  wall,  a  ;  b,  the  bearer,  Ijring  upon  it,  whidi 
supports  the  sides  of  the  mould,  and  in  whidi  the 
poets  or  uprights,  c,  c,  are  set  and  confined  at  the 
bottom  by  the  mortises  in  the  bearers  at  e,  «.  A 
small  cord  is  wound  three  or  four  times  round  both 
posts  near  the  top,  and  tied,  and  by  passing  a 
strong  stick  through  the  folds  of  the  cord  and  twist- 
ing it,  it  tightens  the  sides,  and  if  continued,  would  bring  them  too  okMc  to^each 
other  but  for  the  strut,  t,  between  the  upper  part  of  them,  which  prevents  it :  the 
end  of  the  stick  is  then  brought  over  a  nail  or  peg  in  the  side  of  the  post,  and 
confined  there,  which  keeps  the  whole  firm  and  tight  together. 

The  four  sides  of  the  hut  being  now  cut  out  on  the  outside  of  the  line  already 
marked,  and  at  about  4  inches  distant  from  it,  cut  a  second  line  all  round,  which  will 
be  the  outside  of  the  foundation :  dig  a  trench  for  the  same,  measuring  from  the 
outer  line  inwards  about  1  foot  10  indies,  and  about  1  foot  deep ;  but  if  in  a  very 
dry  and  firm  soil,  half  thus  depth  may  do.  In  the  same  vray  mark  out  the  partition 
wall,  and  dig  a  trench  uniting  with  that  of  the  fi^nt  and  back  walla.  Now,  although 
bricks  or  stone  are  by  far  preferable  for  the  foundation,  it  may  so  happen  that  neither 
are  to  be  got ;  we  therefore  pass  them  for  the  present,  and  proceed  to  ahow  how  the 
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ma;  be  done  williont ;  ud  if,  u  before  obaerred,  the  uul  be  dry,  wd  tome  litfta  jtt~ 
cuitioiu,  which  we  iluUl  heretfter  rMMmmcDd,  be  tdopted,  the  euth  which  la  takes 
out  of  the  trench,  with  lome  of  Ibe  TongfaMt  of  Ibtt  of  which  the  wilii  ire  to  be 
nude,  will  do  lerr  weU. 

EtaTing  collected  Mmelugestonee,  the  Ui^and  rougher  the  better,  throw  them, 
interniixed  with  a  imill  portioo  of  earth,  into  the  treoch,  ai  mnch  ai  will  co*er  three 
or  ftour  inebet  at  a  time ;  tread  it  down,  and  afterwardi  well  ram  it,  oot  with  the 
Taramen  made  to  work  in  the  monldi,  but  with  rough,  beafier  ones,  such  ai  ibe  aim 
or  part  of  the  tmnk  of  a  tree.  In  the  aame  manner  fill  in  and  ram  for  fonadatian  of 
partition  walL  Proceed  in  thii  maaner  till  the  trench  ia  again  filled  ap  even  with 
the  gronnd,  and  ram  well  the  ground  along  the  edga  of  the  trench,  which  will  be  a 
little  broken. 

We  now  return  to  the  earth-heap ;  and,  u  wat  before  obaerred,  if  the  earth  be  too 
poor  or  too  rich,  it  may  be  made  of  a  proper  quality  by  mixing ;  thia  ia  done  by  one 
man  throwiagnp  the  poor  earth  in  a  heap,  and  another  throwing  into  the  lame  bMf 
a  ihOTelfiil  of  clayey  earth  to  erery  two  or  three,  or  more,  of  the  poor  earth,  aceord- 
ii^  to  the  proportion  which  it  will  bear,  and  afterwards  turning  the  whole  heap  over 
together,  and  chopping  it  abont  well  with  a  iboiel.  Where  it  does  not  require  any 
mixing,  it  ii  thrown  np  in  a  heap  when  dug,  and  the  large  itotKl  roll  to  the  bottom, 
and  are  drawn  away  with  an  iron-toothed  rake.  The  teeth  of  the  rake,  howtTer, 
■honld  not  be  set  too  cloae,  becanae  atones  that  are  not  larger  than  a  hen's  eg^  m^ 
be  used  with  advantage.  If  there  are  large  atonea  and  no  amall  ones  in  the  evth, 
they  may  be  broken  smaller  and  mixed  with  the  earth.  If  the  earth  is  dry,  it  will 
require  a  little  wetting  after  it  ia  dug  and  before  it  ia  put  into  ths  mould.  Thia 
aimple  operation  must  be  done  very  carefully,  as  too  much  wet  would  render  the 
earth  totally  unfit  for  oie :  instead  of  soffering  compreiuon,  it  becomes  mud  in  the 
mould  ;  even  if  it  be  only  a  little  too  moist,  it  cannot  be  worked ;  it  swells  under  . 
the  blows  of  the  rammer,  and  a  atroke  io  one  place  makes  it  rise  in  another,  and 
clay,  aolesa  very  dry,  would  do  the  same ;  therefbte  the  water  should  be  applied 
through  a  watering-pot,  or  by  sprinkling  it  from  a  bunch  of  amall  boughs,  so  as  not 
to  make  the  earth  in  puddles. 

In  digging  the  earth,  ai  well  as  laying  it  in  the  mnuld,  take  care  to  pick  out  erery 
bit  of  root,  great  and  small,  all  sprigs  and  herbs,  [ueces  of  hay,  chips  or  shaTings  of 
wood,  and,  in  short,  everything  that  can  rot  or  suffer  a  change  In  the  earth,  because. 
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tlMiitlie  earth  uugr  be  pmsed  equally  in  erery  dlreetioD,  and  cafe  taken  in  banting 
against  the  head  of  the  mould.  Ifthestniti  were  not  in  the  mouldy  the  aides  would 
be  shghtlj  pressed  towards  each  other  at  top  by  the  earth  being  rammed  in  the  lower 
part ;  but  as  the  work  proceeds,  and  the  mould  is  rather  more  than  half  full,  they 
will  be  pressed  the  contrary  way,  -so  that  unless  the  struts  are  held  by  ■«»<'tM»»g 
more  than  the  pressure  of  the  sides,  they  will  drop  down  and  may  be  taken  out;  but 
one  of  them  should  be  applied  occasionally,  to  see  that  the  sides  do  not  spread  too 
much,  to  prerent  which,  the  cords  most  have  another  twist  gi?en  to  tiiem,  whtcfa 
win  bring  them  to. 

The  head  of  the  mould  must  be  used  in  forming  the  angles  or  comers  of  the  hut ; 
and  whereter  a  course  of  wallmg  is  to  be  worked  against  another,  a  portion  e£  the 
middle  of  that  which  is  already  built  should  be  cut  out  slanting  upwards,  and  of  the 
width  of  one-third  of  the  thickness  of  the  wall,  by  whidi  means  the  walls  will  be 
more  firmly  united,  and  a  straight  joint  through  the  whole  thickness  of  the  wall  wiU 
beafoided. 

To  make  good  walls,  it  is  not  sufficient  that  the  earths  be  weU  beaten,  but  they 
must  be  well  united  together :  to  effect  this  in  houses  of  brick  or  stone,  anglaa  and 
binders  of  stone,  iron  braces,  and  cramp  irons  are  used,  whidi  are  very  ezpensife. 
But  here  the  binders  cost  very  little ;  they  consist  only  of  thin  pieces  of  wood,  which 
are  sufficient  to  give  the  greatest  stability  to  buildings  of  this  descriptfon. 

The  first  course,  P,  fig.  16,  being  completed,  begin  the  second ;  and  as,  for  the  course 
just  finished,  the  mould  has  been  directed  from  A  to  B,  it  must,  for  the  seeond. 

Fig.  16. 


be  directed  in  the  contrary  direction,  which  will  cause  the  joints  in  the  second  course 
to  lean  to  the  right,  those  of  the  first  course  leaning  to  the  left,  as  seen  in  the 
figure. 

It  should  be  observed,  that  if  the  struts  are  made  of  the  same  substance  as  the 
joists,  a  saving  of  labour  may  be  eflbcted ;  it  is  in  this  way, — by  laying  them  in  the 
mould  in  the  situation  which  the  joists  will  occupy  in  the  course  above,  when  it  is 
fiill  to  within  six  inches  of  the  top,  and  continning  to  raise  the  eardi  on  each  side  of 
them.  When  this  is  not  done,  the  places  for  the  bearers  for  the  next  course  must  be 
marked  out,  and  small  channels  cut  in  the  wall,  to  receive  them ;  but  as  this  will  jar 
and  unsettle  the  work  in  some  measure,  it  is  better  avoided.    Before  this  second 
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coarM  li  begun,  ■  boinl  tboal  &  or  6  feet  long  ibooU  be  kid  tf  tfae  boMM 
mould,  reMlng  on  the  angle  A,  uid  ateDditig  IngthtriM  to»»iJ«  Bk,  fi^  ll 
botnt  nuat )«  iwigb  Aram  ibe  uw-fiit,  not  more  than  1  iadi  th>^  aad  JM 
(turn  4  to  9  inchei,  iccording  to  the  thickncM  of  the  will,  w  thMl  tfacK  mag 
<in  each  itde  of  It  not  leu  tbin  4  incbei  of  earth ;  b;  iMi  mami  tbe  boari 
rntlr«l]>  concealed  in  the  bod^  of  tbe  wall,  and  nheii  thin  pbced,  neitlu 
twr  dunp  can  reach  it.  and  of  coune  there  it  no  danger  of  Ha  iiwlinft 
hoMd,  ftom  the  preewre  of  Ibe  work  raiaed  above  it,  vill  coatribale  to  1 
gctber  the  two  adjacent  lidci.  1'ul  in  a  •imilar  binder  to  each  of  tbe  a^ea,  i 
where  the  conna  of  the  partition  wall  join  to  tliow  of  the  tUeiiue  wi 
■UrerlioBi  glten  for  the  aecoad  conrK  nuU  alio  be  obeened  u  cadi  aac 
(mrM  op  to  the  roof.  D^  theie  meaai  a  great  number  of  holder*  or  biaden 
fanned,  which  loaietiniei  draw  to  tbe  right,  lometiniei  to  the  left  of  tbe  aa^ 
wkirb  powerfully  unite  the  outer  walli  ai  well  aa  the  partitioaa ;  the  ktch 
iletiTing  mutual  tupport  from  each  other,  and  the  whole  being  rendered  cony 
Mbd.  IlcDce  thete  hut*,  made  of  earth  alone,  are  able  to  reiiat  the  nolence 
wiad*,  Mono*,  and  tempeilt. 


jftitllr  Minaiy  Hull,  built  of  maionry  in  irregular  counei,  witbont  faea  or  aaj 
AvaiBg.  when  iione,  thould  be  lelected  of  miteriali  of  modertte  depth,  and  with 
ew«  rarfacc  or  bedding.  Stone  of  3,  4,  and  S,  and  not  exceeding  6  inche*  tbidne**. 
i>  frequeat);  art  on  the  *urf*ce  in  horizontal  layers  or  bed*,  eaiilf  detached,  and 
adaiMid  to  ih#  ihkiam  of  the  wall*  required  for  the  hut.  Rubble  wall*  ahoidd  be 
fmm  Ml  t^  SI  iadiei  in  thickneu,  laid  in  <:\*y  or  lime  mortar :  the  latter  of  coone 
{five*  I  jLiitm  dnt^alitT  to  the  itructurc.  The  prindpil  care  in  tbii  nattire  ef 
hnildini;  dmiild  he  in  laiing  the  quoina  or  exterior  angles,  and  to  the  doon  or  win- 
dinv  and  a  larnii^  np  the  work  horiiontaJly  upon  a  good  aolid  foundation.  Fbr 
ifar  diaa^iucia  tj  aaat  necessary,  and  wbicb  is  frequently  found  on  the  amfMe,  aee 
"  Smw  BriLPixe ;"  for  it  ii  not  contemplated  in  the  conatruction  ol  hoti,  to 
qoanr  iMor.    la  the  etral  of  such  bring  the  caie,  lee  article  "  Quabrtimo." 
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HuU  constructed  of  pit^jwork,  or  nibble  wuutmrp^  will  bear  a  firuned  roof,  and  a 
heavy  covering  of  tilet,  slates,  stone,  or  brick.  The  preceding  diagram  will  explain 
the  nature  and  size  of  the  timber  necessary  in  firamed  roofs  for  huts. 

ROOFING. 

Covering  or  Roofing  of  Huta  is  perhaps  the  chief  difficulty,  where  mechanics  are 
scarce  and  unskilful  and  the  choice  of  materials  limited.  The  usual  resources  for 
hut-roofs  are,  Thatch^  Shmglee^  Paper^  or  FeU^  where  lightness  is  an  object ;  and  flat 
stones,  bricks,  and  tiles,  if  the  walls  are  sufficiently  substantial,  and  care  be  taken  in 
the  construction  of  the  roof. 

Thatch^  the  easiest  and  generally  most  available,  but  objectionable  on  account  of 
fire,  may  be  obtained  from  low  grounds,  in  the  shape  of  reeds,  rushes,  and  long 
grass ;  and  in  tropical  climates,  the  plantain  leaf  and  other  vegetation  of  the  like 
nature.  Thatching  is  performed  in  the  following  manner  when  straw  can  be  pro- 
cured ;  but  reeds  and  rushes,  and  long  coarse  grass,  can  be  used  by  previously  making 
them  into  bundles. 

Thatching  is  a  name  given  to  a  kind  of  covering  over  roofs :  it  is  generally  made  of 
wheaten  straw,  laid  on  lathing  and  rafters,  which  may  be  of  the  same  strength  and 
placed  the  same  distance  apart  as  for  a  common  slated  roof;  but  in  country  places, 
where  thatching  is  mostly  used,  the  rafters  are  generally  formed  of  the  branches 
of  trees  of  from  3  to  6  inches  in  diameter.  The  slighter  they  are  the  better,  provided 
they  are  sufficiently  strong,  as  the  lighter  the  roof  is,  the  less  strain  there  is  on  the 
walls.  Of  course,  if  the  rafters  are  stout,  they  should  be  placed  further  apart  than 
if  slight ;  and  if  the  rafters  are  far  apart,  the  lathing  must  be  stronger,  otherwise  the 
thatching  will  bag,  or  lie  in  hollows  between  the  rafters. 

The  straw  is  laid  on  the  lathing  in  small  bundles  called  '*  hellams,''  until  it  attains 
a  thickness  of  from  12  to  16  inches ;  it  is  fastened  to  the  rafters  with  young  twigs 
and  rope-yarn  in  a  manner  hereafter  described. 

A  good  pitch  for  a  thatched  roof  is  45^  or,  as  it  is  technically  called,  a  "  true 
pitch :"  if  the  pitch  is  made  less,  the  rain  will  not  run  off  freely ;  and  if  a  greater 
pitch  than  45°  is  used,  the  straw  is  found  to  slip  down  from  its  fastenings. 

A  Description  qfthe  Ueee  of  the  Thatcher' e  Toole. 

The  thatcher's  tools  are — 

J  common  stable  fork. — This   tool  is  used  to  toss   the   straw  up    ^^S*  ^^' 
together  when  it  is  wetted,  preparatory  to  its  being  made  into      t 
bundles  for  use.  : 

I 

A  thatcher's  fork  (fig.  18). — This  is  a  branch  of  some  tough  kind 
of  wood,  cut  with  two  smaller  branches  proceeding  from  it, 
so  as  to  form  a  fork,  as  shown  in  the  diagram :  the  joint  of  the 
two  branches  is  generally  strengthened  by  a  small  cord,  to 
keep  it  from  slipping  when  it  is  used.  A  small  cord  is  fas- 
tened by  one  end  into  one  of  the  ends  of  the  fork,  and  a  loop 
is  spliced  on  the  other  end  of  the  cord :  this  loop  is  made  to 
pass  over  the  other  end  of  the  fork,  and  to  fit  into  a  notch  cut  to  receive  it, 
as  shown  in  the  diagram. 

This  tool  is  used  to  carry  the  straw  from  the  heap,  where  it  has  been 
wetted  and  prepared,  up  to  the  thatcher  on  the  roof,  where  it  is  to  be  used. 

A  thatcher's  rake  (figs.  19,  20,  21). — The  handle  should  be  of  ash  or  some  tough 
wood  made  not  round,  but  square,  so  that  it  may  be  grasped  firmly  without 


ir  of  it*  tlipping  ronnd  in  the  bud :  the  tnitm  inty  be  sUghtlj  rounded 
r,  t«  H  not  to  tinrt  tlie  hand.   It  nill  be  kcd  b;  rehiring  to  tg.  20,  tbtt 
Fig-  19.  Fig.  20.  fig.  21. 


Section  of  Hike. 

■  crook  ii  formed  in  the  hRndle ;  the  reuon  for  tbis  nlll  be  eipluned  whw 
we  come  to  apeik  of  the  manner  of  uiing  the  diflfereut  tooli. 

The  nie  itf  thii  tool  ia,  liux  the  atnw  ia  liid,  to  comb  it  doirn  ttiai^t 
and  amooth. 
J  Ihatchtr'i  kn^e,  or  tattt  iii(f(.— Tiiia  tool   ia  aimilai  in  shape  »nd   make 
to  the  reap-hook,  except  that  it  ia  larger,  and  not  curved  so  quickly. 

The  nie  of  thia  tool  it  to  cut  and  trim  the  straw  to  b  atraigbt  line  at  the 

eaiea  of  the  roof. 

The  thttcher  alao  requirea  a  knife  shaped  aomething  like  a  bill-hook,  to  point  the 

twiga  uied  for  lecuring  the  straw. 

A  half  gloTe,  or  mitten,  of  atout  leather,  to  protect  the  band  when  driving  in 

the  amaller  twiga,  called  apiia.  Fig.  22.   Section. 

A  ^ola%  flat  needle  (fig.  22). 

A  pair  i^  leather  gaitera,  to  come  up  above  the  kneei,  to  pro- 
tect hia  knee*  and  ihini  when  kneeling  on  the  raiten. 
A  aoft  grit-atone,  to  sharpen  the  knive*. 


The   Timbering  and  Lathing  nnenarg/or  a  Thatehtd  Rrnff. 
Aa  before  stat«d,  the  laften  for  a  thatched  roof  ma;  be  of  round  timber,  such 
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ttnw :  care  should  be  taken  to  keep  the  fibres  or  stalks  as  parallel  to  each  other 
as  possible.  As  each  truss  of  straw  is  opened,  it  is  spread  out  and  wetted,  using 
about  3  or  4  gallons  of  water  to  each  truss:  the  straw  is  then  tossed  over  and 
mixed  together  in  one  great  heap  with  the  stable  fork,  so  that  every  part  maj  get  an 
equal  portion  of  the  water.  If  the  weather  is  fine  and  dry,  the  straw  naay  be  used 
directly ;  but  if  the  weather  is  damp  or  rainy,  the  straw  should  be  allowed  to  lie  for 
a  day  or  so  to  drain,  and  be  once  more  turned  over. 

The  reason  for  wetting  the  straw  is,  to  make  it  lie  close,  and  to  enable  the 
thatcher's  labourer  more  easily  to  draw  the  stalks  out  paralleL 

The  thatcher  and  his  labourer  being  now  ready  to  commence,  the  labourer 
spreads  as  much  of  the  straw  on  the  floor  as  will  make  a  bundle  12  inches  wide 
and  4  inches  thick  i  the  labourer  then  stooping  down,  with  his  left  hand  draws  the 
straw,  little  by  little,  to  his  feet,  and  while  doing  so,  he  with  his  right  hand  draws 
out  any  loose  straws  that  may  be  lying  crosswise ;  by  this  means  he  gets  a  compact 
bundle  of  straw  from  3  to  4  feet  long,  according  to  the  goodness  of  the  straw,  and 
all  the  stalks  are  parallel.  This  bundle  is  caUed  a  **  heUam."  The  labourer  haying 
placed  4  or  6  hellams  crosswise  in  his  thatching  fork,  carries  it  on  his  shoulder 
up  to  the  thatcher  on  the  roof,  in  the  same  manner  as  a  bricklayer's  labourer 
carries  a  hod  of  mortar :  the  fork  is  secured  on  the  roof  by  a  small  peg  and  a  piece 
of  string. 

Tlie  thatching  is  now  Uid  in  courses  3  feet  wide,  beginning  at  the  right  end  of  the 
roof,  so  that  the  thatcher  works  from  right  to  left.  The  courses  are  laid  parallel 
with  the  rafters,  and  not  parallel  with  the  lathing  (as  is  the  case  in  slating  and 
tiling).  Care  must  be  taken,  at  starting  at  the  eaves,  to  have  a  good  firm  body  of 
thatch,  letting  the  straw  hang  over,  to  be  afterwards  trimmed  with  the  eaves'  knife 
to  a  straight  and  good-looking  edge.  A  row  of  three  hellams  is  placed  on  each  suc- 
ceeding lath  in  the  course,  and  each  row  of  hellams  is  secured  to  the  rafters  with  a 
young  tough  twig,  called  a  ledger ;  it  is  about  4  feet  long  and  an  inch  in  diameter : 
each  row  of  hellams  is  also  secured  to  the  row  underneath  it  with  three  split  twigs, 
called  spars :  the  spars  are  about  2  feet  long,  and  eight  can  be  split  out  of  a  branch  2 
inches  in  diameter ;  they  are  pointed  at  both  ends,  and  are  then  doubled  in  two,  and 
the  thatcher  gives  them  two  twists  round  in  his  hand,  in  the  same  manner  as  a  rope 
is  twisted :  this  gives  the  spar  a  splintery  surface,  and  enables  it  to  hold  on  when 
driven  into  the  straw. 

The  thatcher  has  a  leather  glove  on  his  right  hand ;  and  keeping  his  hand  flat 
or  open,  he  gives  the  spar  two  or  three  smart  blows,  sufficient  to  drive  it  into  the 
straw,  and  the  leather  serves  as  a  protection  to  the  hand.  The  spars  must  be  soaked 
in  water  for  some  hours  before  they  are  used,  in  order  that  they  should  not  break 
in  the  doubling  np. 

The  ledger  is  a  tough  twig,  about  4  feet  long  and  1  inch  thick,  as  before  described : 
one  end  is  pointed,  and  driven  or  rather  pushed  6  inches  under  the  outside*  rafter  of 
^he  course ;  it  is  then  brought  over  the  top  of  two  rafters,  and  over  the  top  of  the 
hellams,  and  then  secured  to  the  inside  rafter  of  the  course  with  about  8  feet  of 
rope-yam,  by  means  of  the  long  flat  needle,  thus  holding  down  the  row  of  hellams 
and  preventing  them  from  slipping  off  the  roof. 

The  thatcher  gives  each  (f^urse,  as  it  is  laid,  a  combing  down  with  his  rake, 
to  get  out  the  loose  straws ;  he  then  takes  a  bucket  of  water,  and  throws  it  right 


*  In  speaking  of  the  outside  and  inside  rafter  of  a  course,  it  is  meant,  by  the  outside  rafter,  the  rafter 
that  is  farthest  from  the  thatcher ;  and  by  the  inside  rafter,  the  one  that  is  nearest  to  him.  And 
thus  the  inside  rafter  of  one  course  becomes  the  outside  rafter  of  the  next  course. 
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down  tbe  coorae,  and  gives  the  ttnw  t  good  beiting  with  the  bick  of  hii  take,  to 
break  iny  itabbom  itnm  and  to  nuke  it  all  lie  clou ;  be  then  Bn&U;  give*  it 
anotber  combing,  and  after  that  emootbi  it  down  with  the  back  or  flat  aide  irf  hii 
nke,  and  it  ia  Gniibed. 

It  irill  be  teen  by  referring  to  figt.  19  and  20,  that  a  crook  ii  formed  in  tbe 
handle  of  the  rake.  The  reason  for  thni  crooking  the  handle  ii,  to  keep  tbe 
thateber't  hand  from  contact  with  the  itrtw,  and  thereby  lave  hi>  knuckle*. 

The  ridge  and  hipa  are  managed  tbua.  The  thatcber,  in  doing  one  aide  of  hia 
roof,  takei  care  to  leave  a  good  length  of  atraw  hanging  over  and  past  the  ridge.  As 
he  Gniabei  the  top  of  each  conne  on  the  other  side  of  the  roof,  he  bends  down  tbe 
topa  of  the  Gnt  side,  and  covers  them  over  with  the  last  row  of  bellama  on  the  last 
side,  bending  these  last  in  their  turn  down  over  the  other  side  of  the  roof. 

The  ridge  is  then  secured  on  each  side  with  three  rows  of  bands  or  spars,  placed 
end  to  end.  and  each  spar  is  lecnred  with  three  other  spars  to  tbe  thatch. 

In  the  case  of  (he  bips,  there  ere  no  "  bandl "  of  span ;  but  tingle  spars,  12  indiea 
apart,  are  bent  crosswise  over  the  hip,  and  secured  with  three  other  spars,  as  before- 
The  eaves  are  alio  secured  with  two  row*,  or  "  bands, "  of  span. 

Vhere  the  side  of  a  roof  ia  high  and  much  exposed  to  the  wind,  the  whole  ledge- 
ment  ia  secured  with  these  "  bands  "  of  spars. 

To  repair  a  thatched  roof,  the  old  tbitch  is  left  on ;  and  another  (hickness  of  &om 
B  to  12  inches  is  laid  an  the  top  of  it.  (he  whole  being  done  in  just  the  same  manner 
as  described  for  a  new  roof,  except  that  no  ledgers  are  used.  The  greatest  practical 
difficnlty  in  thatching  is,  in  joining  one  course  to  another  lo  that  there  shall  be  no 
gutter  between  them ;  in  fact,  to  do  it  in  anch  a  manner  that  (he  joints  of  the  conrsei 
cannot  be  observed. 

Tbe  way  the  thatcber  manges  i*  this  i  be  lifts  up  tbe  edge  of  hi*  laat  course,  and 
inserts  tbe  edge  of  the  succeeding  one  under  it ;  and  then  beats  and  smooth*  them 
down  aa  even  aa  posublc.  If  care  is  not  observed  in  doing  this,  six  oi  twelve  months 
will  show  bad  workmanship;  hollows  like  gutters  will  be  seen  at  the  joints  of  every 
course,  and  the  water  will  penetrate  into  the  underneath  straw,  and  will  rot  it  much 
before  its  time. 

Wbealen  straw  thatching,  done  a*  here  described,  will  iMt  in  our  climate  from 
fifteen  to  twenty  years ;  oat  straw,  about  eight  yean. 

In  the  west  of  lingUnd  (where  tbe  best  thatching  is  done),  they  have  a  auperior 
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SITE. 

Drainage  and  Site, — Every  hut  shoald  be  well  drained,  and  the  water  carried 
away  from  the  foundations,  but  the  ground  in  the  vicinity  should  be  levelled 
and  adjusted,  to  prevent  water  collecting.  Hence  every  care  should  be  taken  that 
there  are  means  for  draining,  and  that  the  site  should  be  sufficiently  elevated  to 
permit  the  water  to  be  drained  off  freely.  Except  in  the  Tropics,  the  entrance  of 
every  hut,  where  possible,  should  face  the  mid-day  sun,  and  the  back  of  the  hut  be 
turned  from  the  prevailing  winds.  The  floor  should  be  at  least  8  inches  above  the 
level  of  the  ground ;  and  where  building-stone  and  masons  are  to  be  had,  then  huts 
should  have  a  foundation  of  18  or  20  inches  high. 

In  the  selection  of  a  site  for  hutting  a  Detachment  or  a  Regiment,  water  and  fuel 
should  be  as  near  as  possible,  more  especially  water. 

For  Troop  and  Artillery  horses  it  is  usual  to  leave  one  side  of  the  hut,  facing  the 
mid-day  sun,  entirely  open,  and  racks  and  mangers  are  not  provided ;  and  the  back 
wall  must  be  sufficiently  strong  to  bear  the  pull  and  jerking  of  the  horses'  heads.  In 
very  bleak  places,  the  front  or  open  part  may  be  closed  in  at  night  with  bushes  or  tops 
of  trees,  to  break  off  the  wind. 

ON   THE    MANUFACTURE   AND    CHOICE    OF   BRICKS.* 

Every  one  is  so  familiar  with  the  general  qualities  of  brick,  that  it  is  almost  need- 
less to  say  it  is  a  sort  of  artificial  stone  composed  either  of  pure  clay  or  a  mixture  of 
coal  ashes  and,  in  some  cases,  an  addition  of  chalk  to  loam  or  clayey  earth,  which, 
after  undergoing  preparation,  is  tempered  with  water,  formed  in  a  mould,  and  dried 
in  the  sun ;  and  afterwards,  in  most  cases,  baked  or  burned  in  a  kiln,  or  in  a  clamp.  The 
antiquity  of  bricks  is  also  well  known,  the  invention  of  them  being  carried  by  some 
even  beyond  the  Deluge ;  but  we  have  indubitable  proof  of  the  use  of  them,  as  well 
as  the  principle  on  which  they  are  made  at  the  present  time,  being  known  at  as 
early  a  period  as  the  building  of  the  city  of  Babel  by  the  descendants  of  Noah,  for 
we  are  told  that  on  their  commencing  that  great  work,  "  they  ^d  one  to  another, 
Go  to,  let  us  make  brick,  and  burn  them  thoroughly ;  and  they  had  brick  for  stone,  and 
slime  had  they  for  mortar."  Thus  has  the  art  of  making  bricks  been  carried  through 
a  period  of  four  thousand  years,  almost  without  variation.  The  latter  process  in  the 
art,  that  of  burning,  has  been  at  times  dispensed  with,  as  it  is  at  this  day  in  some 
parts,  in  which  case  a  quantity  of  straw  is  intermixed  with  the  clay,  to  give  the 
brick  additional  tenacity.  Bricks  made  in  this  manner,  however,  will  not  bear  expo- 
sure to  the  weather  or  fire. 

There  is  and  ever  has  been  considerable  variation  in  the  size  of  the  brick.  The 
Romans — who  were  so  bountifully  supplied  with  marble  and  stone,  that  bricks  were 
but  little  used  in  building  till  towards  the  decline  of  the  republic — made  them  chiefly 
of  large  dimensions,  and  the  relics  of  them  preserved  by  the  antiquary  prove  them 
to  have  been  much  the  same  in  quality  as  our  best  kiln-burned  ware.  We  have  no 
information  of  the  precise  date  at  which  the  art  of  burning  bricks  in  a  clamp  was 
introduced :  the  discovery  and  introduction  of  the  use  of  coal,  which  is  necessary  to 
their  composition,  is  comparatively  recent,  but  that  of  applying  it  in  the  manu- 
facture of  bricks  is  much  more  recent,  and  indeed  may  be  said  to  be  modem ;  for 
clamp-burned  bricks,  or  grey-stockfy  as  they  are  called,  did  not  make  their  appear- 
ance till  the  latter  end  of  the  last  century,  and  were  not  brought  into  general  use 


*  Brick-making  having  been  oniittcd  in  the  first  volume,  it  is  introduced  here,  as  some  knowledge 
of  the  art  is  of  great  use  for  trooi)s  taking  up  quarters  in  the  field,  though  of  rourse  they  would  not 
attempt  to  carry  out  all  the  arrangements. — Rditora. 
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till  the  beginning  of  the  present.  They  have,  batterer,  attained  inch  a  xtate  of  per- 
fecUon,  aa  far  Bi  building  ii  concerned,  that  Uiej'  liive  driven  their  flaming  liTali  nut 
of  the  field  whercTer  a  choice  existed. 

The  earth  selected  for  brick.making  slioiild  be  dtj  of  the  pureat  Itind,  bnt  where 
that  ia  not  to  be  found,  an  inferior  quality  may  be  made  use  of,  provided  it  be  &ee 

In  England,  bricks  are  chiefly  made  either  of  stiff  clay  or  of  a  yellottiah-colonred 
hi  earth,  commonly  called  iaam.  The  former  produces  the  red  bricka,  which  are 
bnmed  in  a  kiln ;  the  latter — which  is  the  sort  found  near  London  and  in  the 
■djoining  coantiei — when  burned  in  a  clamp,  makes  a  neat  yellow  or  grey-coloured 
hrick.  The  quality  of  each  lort  as  to  hardness  and  fineness  of  grain,  aa  well  as 
colour,  is  varied  conaiderably  by  the  natural  qualities  of  the  earth,  or  by  ai  artillciil 
process  which  it  is  made  to  undergo. 

Bricks  are  applied  to  tariout  other  purposes  as  well  as  for  building,  and  these  are 
mtnuhctuKd  where  the  clay  is  found  whkh  best  adapts  them  for  their  several  osea. 
We  need  only  notice  two  of  these,  and  that  but  slightly,  viz.  paving-bricks,  and  Sre- 
hridu.  The  former,  aa  is  welt  known,  are  used  for  paving  the  floors  of  cottages 
and  out-houses;  they  sre  made  of  various  sizes,  snd  are  very  hard  and  brittle, 
being  made  of  clay  in  its  pure  state.  Fire-bricks  are  used  for  building  or  lining 
the  inude  of  fumsces,  or  such  buildings  as  are  eiposed  to  a  continual  live  heat,  which 
tome  of  this  ware  will  resist  more  efl'eetually  than  iron. 

Build  ing-hricks,  as  bebre  observed,  are  of  two  sorts,— kiln -burned,  which  are  of  a 
red  colonr,  and  ciamp-bumed,  which  are  grey,  and  are  called  grey-stocks.  It  will  be 
as  well  for  the  reader  to  impress  these  terms  on  his  memory,  a*  we  shall,  in  alluding 
to  them  in  filture,  call  the  former  tiln-irieii,  and  the  latter  ffrey-ilocJtt. 

The  earth,  of  whstever  quality,  for  making  bricks  should  be  dug  in  the  autumn, 
and  laid  in  a  heap  till  the  spring,  so  that  it  may  have  the  benefit  of  the  winter's 
frost,*  which,  by  mellowing  it,  greatly  improves  its  quality,  and  otherwise  auists  the 
labours  of  the  brickmaker.  As  the  process  in  making  kiln-bricks  is  most  simple,  we 
shall  for  the  present  confine  oursclvei  to  them,  and  afterwards  point  out  the  dif- 
ference between  them  and  the  grey-stocks.  And  here  we  would  observe,  that  the 
light  earth*  generally  contain  such  a  quantity  of  sand  aa  to  render  the  management 
of  them  very  difficult :  on  the  other  hand,  some  of  the  stronger  clays  ore  improved 
and  rendered  more  serviceable  by  the  addition  of  a  portion  of  sand,t  which  leuens 
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tnd  ht?ing  a  rough  table  under  it,  at  which  the  briclu  are  moulded.  Between  the 
heap  and  this  shed,  the  clay-mill,  orpug-miU,  as  it  is  called,  is  fixed,  which  is  made 
in  the  manner  of  a  cask  with  staves  and  hoops,  and  rather  wider  at  bottom  than  top 
— about  5  feet  high,  and  3  feet  wide  at  the  bottom ;  an  iron  spindle  runs  down  the 
middle,  working  in  a  socket  at  bottom,  and  passing  through  an  eye  at  top,  where  it 
has  a  beam  attached  as  a  shaft  for  a  horse,  by  which  it  is  turned.  From  the 
sides  of  this  spindle  strike  five  or  six  iron  arms  in  different  directions,  and  in  these 
are  fixed  iron  blades,  also  in  different  directions,  which,  by  repeated  divisions, 
thoroughly  intermix  the  earth,  which  is  put  in  at  top,  by  the  time  it  reaches  the 
bottom,  where  it  is  forced  out  at  a  hole  in  the  side, — a  much  lescs  tedious  method  of 
preparing  the  earth  than  the  old  practice  of  kneading  or  treading  it,  though  tome 
will  have  it  not  so  good  an  one. 

A  common  barrow  is  used  to  convey  the  earth  from  the  heap  to  the  pug-mill ;  and 
two  off4fearing  barrowa,  which,  instead  of  the  box  or  body  of  the  common  barrow, 
have  a  light  frame  with  a  flat  lattice  top,  about  3  feet  high  over  the  wheel,  and  18 
inches  near  the  handles,  so  as  to  be  about  level  when  in  work,  are  required  to  carry 
the  bricks,  which  are  laid  in  rows  on  them  to  be  conveyed  to  the  haeka. 

The  hack-ground  is  laid  out  between  the  moulding  shed  and  the  kiln  or  place  intended 
for  the  clamp,  and  if  there  be  a  slight  fall  of  the  ground  towards  the  latter,  the  better ; 
alight  elevations  in  straight  rows  are  then  formed,  about  2  feet  wide,  and  at  a  dis- 
tance of  about  5  feet  from  each  other,  for  the  hacktj  which  are  the  piles  of  bricks  set 
up  in  their  green  state  to  dry,  the  surface  of  the  raised  parts  being  made  perfectly 
even :  a  little  fine  earth  or  sand  is  sifted  over  them,  as  well  as  over  the  track  between 
for  the  off-bearing  barrow,  which  should  run  smoothly,  or  it  will  injure  the  newly 
formed  bricks.    The  brick  mouldy  which  should  be  made  by  a  skilful  person,  and 
with  precision,  is  composed  of  iron  or  steel,  but  as  it  requires  to  be  very  light,  the 
sides  are  strengthened  by  thin  pieces  of  well-seasoned  wood,  over  the  edges  of  which 
the  iron  sides  are  turned  and  finished  square ;  it  must  be  somewhat  larger  than  the 
intended  size  of  the  brick,  to  allow  for  the  shrinking  in  drying  and  burning.    The 
moulding-table  being  furnished  with  brick  boards,  a  raised  block  with  iron  edges  is 
laid  on  it,  to  receive  the  mould,  and  a  quantity  of  fine  sand ;  and  all  things  being 
in  readiness,  the  labourer  whose  business  it  is  to  supply  the  clay-mill,  chops  down 
a  quantity  of  brick  earth  with  a  shovel  or  hoe,  nnd  turns  it  well  over,  to  inter- 
mix the  several  parts,  adding  a  little  water  in  the  operation,  if  necessary ;  then  filling 
his  barrow,  he  wheels  it  up  a  strong  plank  laid  for  that  purpose  towards  the  pug- 
miU,  and  shoots  the  contents  in  at  the  top,  which  he  continues  to  do  throughout 
the  day.    The  horse  being  put  in  motion,  works  it  down  the  mill  and  through  the 
hole  at  the  bottom,  where  it  is  cut  off  by  a  boy,  with  an  iron  instrument  having  a 
handle  like  a  shovel,  and  carried  to  the  moulder's  table.    It  is  here  received  by 
another  boy  or  girl  sitting  on  the  right  of  the  moulder,  who  draws  off  with  the  hands 
a  piece  rather  more  than  sufficient  to  fill  the  mould,  and  works  it  into  the  shape  of 
the  mould,  and  it  is  then  rolled  towards  the  moulder,  who  takes  it  up  in  both  hands, 
and  dashes  it  into  the  mould,  thereby  filling  up  every  part  of  it.     He  then  takes  in 
his  right  hand,  from  a  bowl  of  water  fixed  in  front  of  his  table,  a  strike,  which  is  a 
thin  smooth  piece  of  wood,  and  drawing  it  along  the  edges  of  the  mould,  strikes  off 
the  overplus,  or  as  much  as  lies  above  the  edges,  which  he  throws  back  to  the  assist- 
ant on  his  right,  to  be  again  moulded.     He  then  turns  the  mould  over,  and  turns  out 
the  brick  upon  one  of  the  brick  boards,  which  he  sets  on  a  double  iron  rail  at  his  left, 
along  which  they  are  slid  by  a  boy,  who  afterwards  places  them  on  the  off-bearing 
barrow :  at  the  left-hand  front  comer  of  the  table  is  the  dry  sand  into  which  the 
moulder  every  time  dips  the  mould,  and  dashes  the  inside  well,  to  prevent  the  brick 
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from  ideking.  The  brtclu  beii^  laid  each  opoo  «  brick  boird,  an  let  apon  the 
barrow,  uxi  after  hanug  aome  dry  tand  lifted  over  thera,  are  taken  away  b;  the  qf. 
har«r,i>hi)  u  oeit  in  importance  to  the  moaldei;  for  if  the  brickl  are  moulded  ever 
M  tiell,  an  uoBiulfol  penon,  hy  handling  them  while  green,  wonld  loon  ipoii  the 
ibape.  tliving  airiTcd  at  that  part  of  the  ground  irbere  they  are  to  be  Mt,  lie  com- 
mence! theAoeA,  indoing  wliicbbetakeialoou  iriei  ioarijand  placet  it  on  the  upper 
aide  of  one  of  the  brieki,  remoirea  it  lietween  the  two  board*  to  it*  place  on  the 
(Toand,  letting  it  on  iti  edge  and  drawing  the  board!  gently  awa;:  be  then  Uyione 
of  the  boardi  on  the  barrow,  and  with  the  other  proceeds  u  before  till  be  ha* 
deporited  the  whole,  when  he  retumi  with  the  banow  and  boardi,  and  anotlwT 
load  18  Tcadf  for  him.  In  Ihii  way  the  hacki  are  set  np  two  bricks  in  width,  not 
straight  across,  but  diagonally,  or  in  a  slanting  pasilian.  and  tolerably  dose.  After 
the  bottom  row  i*  completed,  another  had  is  begun,  beciuie  when  the  brick  is  jnsi 
moulded  it  will  not  bear  the  weight  of  another  Isid  on  the  top  of  it.  When  the 
bricki  bave  tel,  or  become  sufficiently  hard  to  bear  Ibe  weight,  they  are  piled 
one  upon  the  other,  generally  to  the  height  of  eight  bricki.  After  the  bricki  haie 
stood  in  dote  order  a  few  days,  they  are  revened  and  act  more  open,  which  allows 
the  wind  to  pasa  freely,  the  bottom  bricks  being  put  at  the  top,  and  ihe  top  ones 
at  the  bottom.  A  aufficient  quantity  of  long  sttlw,  lye  being  the  best,  and  wheat 
neit,  for  the  purpose,  ii  provided  and  laid  alongside  the  hacks,  and  at  night  is 
laid  gently  on  the  top,  and  is  then  left  till  the  weather  la  fine  enough  to  allow  of  its 
being  lemoved:  some  who  make  bricki  on  a  imall  icale,  have  imall  ihedi  erected, 
covered  with  boards  or  tbatcb,  under  which  the  hacks  are  set ;  but  the  advantage  el 
the  ann'a  raya  falling  npon  the  bricks  ia  lacriGced  in  auch  cues,  the  time  allowed 
for  drying  the  bricka  will  vary  very  coniiderably  with  the  weather  and  other  circum- 
stances ;  but  when  they  appear  to  be  dry,  they  ahould  be  proied,  by  breaking  through 
the  middle  one  of  them  in  different  parta  of  Ihe  field,  and  they  muit  not  be  put  into 
the  kiln  unbl  they  are  a*  dry  at  the  centre  as  on  the  outside,  or  the  heat,  when 
applied,  will  cuiie  them  to  fiy  to  pieces. 

The  kiln  ia  of  various  forma,  and  brick-built,  having  only  one  aperture  in  the 
ude*.  If  made  in  the  oblong  fonn,  which  is  the  moit  limple,  and  to  bum  20,000 
bricki  at  a  lime,  it  should  be  about  14  feet  tang  and  10  wide,  and  the  walls  not  leu 
than  three  brick*  tbick,  and  a  little  inchned  towards  each  other  as  they  go  up.  Flat 
arches  are  turned  near  the  bottom,  with  apacei  left  at  regular  intervals,  resembling 
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The  earth  is  dag  at  the  same  time  and  in  a  similar  manner,  bat  the  earths  employed 
in  making  them  generally  contain  a  quantity  of  sand,  therefore  there  will  be  no 
occasion  to  add  more ;  but  earths  containing  too  much  should  not  be  used,  or  the 
bricks  will  be  very  unsound,  or  what  the  workmen  call  ihaky  or  Bkufftfi  lying  in 
flakes  like  a  thick  pie-crust,  and,  when  struck  against  each  other,  will  make  a  dull 
rattling  noise.   This  is  the  case  with  most  kiln-bricks,  as  well  as  inferior  g^y-stocks, 
but  the  best  grey-stocks  are  as  firm  as  a  rock,  and  will,  when  struck,  gi?e  out  a  dear 
ringing  sound.    In  place,  however,  of  the  sand,  a  layer  of  coal  or  cinder  ashes  is  laid 
over  the  brick  earth,  which  is  afterwards  intermixed,  first  by  the  labourer,  and  then 
by  the  pug-mill.    It  is  also  prepared  and  moulded  in  the  manner  before  described, 
with  the  exception  of  the  sand  employed  by  the  moulder ;  this,  for  kiln-bricks,  is  such 
as  is  used  to  sift  over  the  floors  in  public  houses  and  kitchens  of  country  houses,  and 
may  be  either  red  or  white,  provided  it  be  of  sufficient  fineness,  and  such  is  generally 
to  be  found  in  the  vicinity  of  a  brick-kiln.    Not  so  for  the  grey-stocks ;  the  only  sand 
of  which  we  have  heard  of  being  used  with  them,  is  procured  from  the  side  of  the 
Thames  at  low  water,  near  Woolwich  ;  hence  called  Thames  sand,  which  has  a  fine 
silvery  grain,  is  free  from  grit,  and  of  a  greenish-white  colour.    With  these  excep- 
tions, the  process  is  the  same  up  to  the  period  of  burning  bricks,  but  for  the  clamp 
they  require  to  be  more  uniformly  dry  than  for  the  kUn,  because  in  the  clamp  the 
whole  force  of  the  fire  is  applied  at  once,  and  continued.     The  ground  upon 
which  the  clamp  is  to  be  set  is  raised  and  made  perfectly  level,  and  covered  with 
old  bricks  set  on  their  edges ;  on  these  are  set  the  new  bricks,  with  a  flue  or  space 
of  about  9  inches  wide  and  3  feet  high  left  up  the  middle  from  end  to  end,  to  con- 
tain the  fuel :  if  the  clamp  be  large,  as  many  of  these  are  left  as  may  be  required. 
Small  openings  are  also  left  between  the  bricks  at  the  bottom  part  of  the  clamp,  for 
the  deposit  of  the  cinders  used  for  fuel,  called  breeze.*  The  flues  are  not  arched  over, 
but  the  bricks  are  overset  gradually  till  they  meet,  or  nearly  so,  at  the  top ;  layers  of 
breeze  are  laid  occasionally  between  the  layers  of  bricks,  and  the  breeze  is  laid 
thickest  towards  the  outside  of  the  clamp,  which  causes  the  bricks  on  all  sides  to 
lean  slightly  towards  the  centre :  the  bricks  in  the  upper  part  of  the  clamp  are  set 
closer  than  those  in  the  lower  part,  as  they  receive  a  great  portion  of  heat  from 
underneath,  and  do  not  require  so  much  breeze  to  be  distributed  amongst  them. 
When  the  new  bricks  are  put  in  the  clamp,  the  top  is  covered  with  dry  earth  or 
turfs,  and  the  outside  is  cased  with  old  slack-burnt  bricks,  caXitdi  place-bricks ;  a 
few  of  these  are  also  intermixed  in  the  clamp.     The  fire  is  then  applied  to  the  wood 
in  the  flues,  and  as  soon  as  it  makes  sufficient  progress,  the  ends  are  stopped  up  with 
old  bricks,  and  plastered  over  with  clay  ;  and  the  fire  spreading  in  all  directions,  the 
clamp  soon  becomes  one  solid  mass  of  fire,  being  fed  by  the  ashes  contained  in  the 
bricks  themselves,  as  well  as  by  the  layers  of  breeze  between  them.    While  in  this 
state  it  should  be  carefully  watched,  as  in  windy  weather  the  draught  will  carry  the  fire 
entirely  to  one  side  :  this  is  to  be  prevented  by  setting  boards  or  hurdles,  with  straw 
or  reeds  interwoven  between  the  splints,  against  the  side  on  which  the  wind  blows. 

The  quantity  of  fuel  to  be  used  can  only  be  ascertained  by  practice,  as  it  differs 
very  materially  in  different  soils,  and  also  in  the  quality  of  the  breeze,  which  is 
merely  cinders  collected  with  the  ashes  in  London  and  other  places :  these  are  left 
behind  when  the  ashes  are  screened,  and  very  often  contain  a  great  deal  of  unprofit- 
able  rubbish.  The  quality  and  quantity  of  the  ashes  used  in  making  the  bricks  is 
also  a  consideration  ;  for  if  these  be  good,  each  brick  is,  as  it  were,  a  fire-ball,  con- 


*  When  coalit  are  not  to  be  had,  brushwood^  /v'^i  and  timber  will  serve  every  purpose  of  making 
bricks  for  hutting  troops. — Edit  org. 
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ttiam%  mttehil  irithiD  iUdf  mffldent  not  oalj  to  TeUin,  bat  to  incKUC  the  heat 
jnficd  to  it  from  without.  If  tbere  be  ■  defldencj  in  tither  of  theae  cues,  the 
hridu,  mUttd  of  being  bird  end  lound,  and  of  m  unifbnn  jfellowiih  grej  coktor, 
•in  be  wtrj  tender  and  of  ■  pele  red  colooi,  uid  of  eourte  will  not  bear  expoanre  to 
Ifec  natltfr  for  anj  length  of  time.  But  &lthougb  bj  imng  too  «m«11  a  portioa  of 
fnel  the  bricki  an  rendered  of  a  yerj  inferior  quality,  the  other  extreme,  that  nf 
tmflDjtof  too  mneh  foel,  ii  not  the  leu  dangeroui ;  for  in  that  caie  the  ioteiue  heat 
CMBM  the  bricki  to  titiifr  or  mn  together  like  melted  glaii,  and  when  taken  out  of 
Ikcdaaip,  tweatj  or  thirty  are  lometimei  cemented  together:  in  thii  way  they  bare 
Ibcqipevaweaf  amaMof  black  rock,  and  are  quite  at  hard. 

E*e>T  dmp  prodaeea  a  greater  or  lew  quantity  of  each  of  theae  inferior  deicrip- 
liotM,  Ibe  fbim  bridu  near  the  ontaide,  and  the  othen  in  the  ceabe  over  the  floM ; 
bM  BB  eKftiieated  moolder,  by  whom  the  clamp  ii  erected,  knowi  how  to  redoce  it 
to  the  lowMt  poMible  amount  The  place-bricks  are  used  for  internal  walla  and 
othee  p»rpo>ei  where  strength  is  not  an  object,  and  are  sold  at  nearly  one-fourth 
tcM  price  than  stocks. 

The  masirs  of  over-hnmt  bricks  are  called  bun  ,■  and  such  of  them  at  it  ii  foond 
impotaibU  to  tepante  with  an  iron  crow-hai,  are  sold  by  the  cart-load  for  rongh 
fonndatiou,  or  to  form  catcadei  or  ornamental  rock-work  in  gentlemea't  pleuore 
grounds,  for  which  they  are  Tery  appropriate. 

The  grey-slock,  when  properly  manafactared,  ha*  a  decided  preference  over  the 
kilo-brick,  being,  in  most  cases,  more  durable,  leu  porous,  and  of  a  much  more 
agreeable  colour. 

The  kiln-brick  may  be  laid  to  be  baked  rather  than  burnt ;  and,  like  moit  other 
■  baked  lubttances,  it  cnitted  OTer  the  outiide,  and  not  of  equal  hardness  throngfaont. 

It  ii  extremely  difficult  erea  for  an  experienced  man  to  detect  tbii  inferiority ;  for 
whether  well  or  ill  burnt  or  baked,  there  ii  lery  little  vaiiation  in  the  colonn  and 
ontward  appearance!  of  them  \  bnt  after  being  a  few  yesn  exposed  to  the  weather, 
the  oot«r  ihell  will  drop  off,  and  (he  remainder,  on  losing  its  prolectioD,  will  speedily 
decay.  It  may  be  i^d  that  there  are  kiln-brickt  at  durable,  in  every  way  at  well 
adapted  for  bnilding  purpotei,  at  the  best  grey-itocki ;  and  we  in  a  great  meatore 
^ree  with  the  attertion,  bnt  at  the  lame  time  wiih  to  point  out  the  danger  of  giving 
the  preference  to  kiln-bricks,  when  it  it  almoit  impoiuble  to  detect  the  inferior  onei 
from  the  tound  ones,  the  appearance  of  both  being  to  much  alike. 
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I. 

ICE.*— The  action  of  frott  has  often  rendered  ntdeM  obateelet  ordinarily  ol  great 
▼aloe  for  defence :  the  capture  of  the  Dutch  fleet  hy  the  French  artillery  eroaiing  the 
Zayder  Zee  on  the  ice,  in  1795,  and  the  itorming  of  Bergen-op-Zoom  hy  the  British 
troope  crossing  its  wet  ditches  when  frozen  over,  are  among  the  most  recent  instances 
of  this ;  and  the  disaster  of  the  French  at  the  Berezina,  in  1812,  is  a  proof  of  its 
power  of  impedkiff  the  passage  of  rivers.  It  ii  therefore  of  the  utmost  importance  in 
warfiffe  to  foresee  it  effects,  whether  in  rendering  muddy  roads,  and  even  marshes  or 
lakes,  as  firm  as  the  best  pavement,  or  in  making  rivers  impassable  by  filling  them 
with  loose  ice,  or  ice  too  thin  to  bear  troops. 

The  tkickmn  of  ice  required  for  supporting  infantry  in  files,  is  about  2  inches ;  for 
cavalry  and  light  guns,  4  inches ;  and  for  heavy  carriages,  iy>t  less  than  6  inches :  the 
latter  should  always  be  kept  as  far  apart  as  possible.  Also,  if  8  inches  thick,  24- 
pounder  guns  on  sleighs  may  pass  over  it,  or  any  load  not  causing  a  greater  pressure 
than  1000  lbs.  per  square  foot  on  the  surface  covered  by  the  runners  or  skids  on 
which  it  moves ;  f  and  if  the  ice  is  weak,  they  may  have  baulks  secured  by  lashings 
to  the  tires  of  the  wheels,  for  them  to  slide  upon,  so  as  to  spread  the  wei^t  over  a 
larger  surface,  or  lines  of  planks  should  be  laid  down  for  them  to  pass  over. 

Weak  tee  may  be  made  capable  of  bearing  even  artillery  in  a  very  short  time,  during 
frost,  by  spreading  upon  it  layers  of  straw  or  brushwood  crossing  each  other,  and 
sprinldng  them  with  water,  so  as  to  form  a  solid  road  when  frozen ;  and  if  any  por- 
tion of  the  river  remains  unfrozen,  from  the  rapidity  of  the  current,  it  may  be  made 
to  freeze  by  mooring  trees  and  brushwood  so  as  to  float  in  it. 

When  the  ice  is  too  thin  for  walking  upon  it,  a  man  may  often  skate  over  it,  which 
is  also  the  most  rapid  mode  of  conveying  information  over  ice ;  and  ice-boats,  similar 
to  those  used  in  Canada,  might  also  be  used  for  this  purpose.  They  consist  of  a  slight 
frame  supported  on  three  skates  or  runners,  one  of  which  serves  as  a  rudder,  and, 
prorided  with  mast  and  sails,  they  tack  like  a  ship  with  great  rapidity  directly  to 
windward,  and  attain  a  velocity  of  twenty  miles  an  hour  with  a  fair  wind. 

Floating  ice  is  very  liable  to  destroy  bridges ;  and  its  effects  in  rubbing  against  the 
piers,  when  propelled  by  a  strong  current,  are  amazing,  tearing  off  the  smallest 
projecting  portions,  even  if  of  iron.  To  resist  this,  iee-breakere  in  front  of  the  piers 
are  indispensable ;  they  consist  of  a  frame  supported  on  two  rows  of  piles  meeting 
each  other  and  forming  a  small  angle  against  the  current :  the  upper  surlsce  should 
be  planked  over,  and  should  slope  upwards  from  the  water's  edge  towards  the  top  of  the 
pier,  so  that  the  floating  ice  may  rise  over  it,  and  thus  break  itself  up,  so  as  to  pass 
harmlessly  between  the  piers,  which,  if  of  piles  or  trestles,  should  be  carefully  planked 
over,  to  prevent  the  ice  catching  in  them. 

To  cron  rivers  full  of  floating  ice,  very  strong  boata  or  canoes  cut  out  of  entire 
trees,  are  required  to  resist  the  pressure ;  they  may  be  dragged  over  the  floes  (even 
if  in  motion),  which  are  too  solid  to  admit  of  breaking  canals  through  them. 

To  open  a  communication  through  fixed  ice,  or  to  destroy  that  in  the  ditches  of 
fortifications,  strong  barges  (if  possible,  moved  by  screw-propellers)  are  required ; 
their  bows  must  be  well  protected  with  iron  plates,  and  they  should  be  provided  with 
heavy  beams,  to  be  raised  by  ropes  and  let  fall  upon  the  ice  in  front.   Saws  may  also 

*  By  Lieutenant-Colonel  Bainbrigge,  R.E. 

t  Thia  ia  proved  by  the  details  relatire  to  the  tnuifp<»t  of  a  94-poander  gun  over  ice  by  the 
American  artillery,  pubUahed  by  the  Oommittee  of  the  Royal  Artilleiy  Institution,  Woolwidi, 
March,  1840. 
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be  iiied  if  the  ice  ii  Teiy  lolid,  luTiiig  huvy  weighti  Bttachcd  to  the  end  tmder  inter, 
aod  tbe  piec««  of  ice,  when  detached,  can  be  bvUed  out  of  the  witei  by  meant  of 

lathe  defence  of  fbrtiBntions  daring  froat,  eanala,  15  feet  wide  at  leaat,  ihould  be 
k^t  open  along  the  centre  of  the  ice  coyering  the  wet  ditchei,  by  lieeping  boat* 
comtantly  moving  along  them :  the  earthen  ilopes  may  be  rendered  slippery  alio  by 
pouring  water  oier  them,  lo  »» to  coier  them  with  a  coating  of  ice. 

Small  bairien  of  ice,  or  the  kryiat  barriera  interrupting  the  Davigation,  or  canung 
an  inundation,  may  be  deitroyed  by  turning  atreami  of  water  againM  certain  pointa, 
M  as  to  melt  an  opening,  or  by  meant  of  chargei  of  powder  in  caaki  or  bt^  fixed 
underneath  or  lodged  in  holei  bored  in  the  ice,  and  fired  simultaneously  :  a  charge 
of  6  lbs.,  placed  in  the  centre  of  ice  2  feet  tliick,  will  break  it  up  into  small  pieeei 
throughout  a  circle  of  10  feet  radius. 

Ice  and  anow,  well  rwnmed  together,  form  temporary  parapets  capable  of  even 
X  agunat  shot  than  those  of  earth. — P.  J.  B. 


K. 

KTANIZING  AMD  BTJRNETTIZING.*— Kyaniiing  it  a  limpte  pro- 
ceat  by  means  of  which  timber,  canvas,  and  cordage,  etc,,  may  be  preaerred  from  the 
effect  of  dry-rot,  and  leasoned  in  a  very  short  time.  It  was  invented  by  Mr.  Kyan, 
who  obtained  a  patent  for  it,  which  wu  purchased  by  a  Company  called  the  "Anti- 
Dry-rot  Company,"  conttituted  and  empowered  by  Act  of  Parliament. 
The  limber  u  prgmrrd  ai/olbw.f    A  wooden  tank  it 

metal  of  any  kind  can  come  in         Htdbomkh*. 

when  the  lauk  h  charged.     The 


put  t<^eth( 

contact  with  the  aolul 
solution  eonaiata  of  ce 
proportion  of  1  lb.  of 


sublimate  to  ID  galloi 
naxinium  stcecgth,  and  1  ]b.  to  13  gallon 
according  to  the  porosity  or  absorption  of  I 
limber  subjected  to  the  process. 


n  Ihc 
of 
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and  nin,  to  dry  gndnally.  In  about  fonztoen  days,  daak  and  tambar  not  gpmwwHng 
time  inches  in  thickneu  will  be  perfectly  diy  and  leaMmed,  and  fit  iior  naOi  Luge 
timben  will  require  a  proportionate  time,  according  to  their  thickneu. 

The  solution  may  be  used  ad  ntflmitum,  as  its  strength  is  not  diminished;  but  It 
will  be  advisable  to  ascertain  occasionally  by  the  hydrometer  that  it  contiins  the  re- 
quired proportions  of  corrosive  sublimate  and  water. 

Professor  Faraday  and  the  late  Dr.  Birkbeck  have,  with  many  other  sdentifie  men, 
testified  in  the  strongest  manner  to  the  efficacy  of  this  eolation.  The  focmer  says, 
with  respect  to  the  penetration  of  the  solution  by  stee^nng,  witkomt  pressure,  it  may 
be  tested  by  the  application  of  a  drop  of  hydro-sulphuret  of  ammonia,  which  will 
turn  black  on  meeting  with  the  mercury. 

In  the  cube  of  elm,  the  corroeive  sublimate  may  be  traced  by  the  above  test  to  the 
depth  of  firom  ^  to  i  of  an  inch ;  by  the  test  of  voltaic  action,  from  f  to  1  indL 

In  the  cube  of  oak,  with  the  same  test,  it  was  found  at  ^  of  an  inch,  but  irregular, 
and  apparently  fallowed  the  fissures  of  the  wood ;  by  voltaic  actkm,  not  quite  so  £ur 
as  in  the  elm. 

In  the  cube  of  fir,  the  penetration  was  the  least  by  the  common  test,  ^  to  ^  of  an 
inch ;  by  voltaic  action  ^  of  an  inch,  the  turpentine  in  the  wood  probably  being  the 
obstruction  to  penetration. 

From  this  testimony  it  is  evident  that  when  pressure  is  wot  used,  the  timber 
should  be  worked  up  into  the  form  required  for  use  prior  to  immersion. 

The  Patentees  or  Company,  who  have  also  the  means  of  saturating  with  hydraulic 
pressure  at  their  establishment,  similar  to  that  at  Portsmouth  Dockyard,  under  Shr 
William  Burnett's  process,  grant  licenses  at  the  rate  of  St.  per  cubic  foot  internal 
dimensions  of  the  tank,  and  sell  corrosive  sublimate  at  4«.  per  lb. 

1^  lb.  is  sufficient  to  saturate  a  load  of  timber  of  50  cubic  fiset,  at  the  rate  of  1  lb. 
of  sublimate  to  15  gallons  of  water. 

The  process  has  been  for  several  years  extensively  used  for  sleepers  on  railroads. 

Within  the  last  year,  several  of  the  sleepers  on  the  South-western  Railway,  which 
had  been  subjected  to  this  process,  have  been  taken  up,  owing  to  their  being 
decayed,  particularly  in  the  chalk  districts.  It  is,  however,  stated  by  the  Engineer 
that  they  were  steeped  by  themselves  in  a  hasty  manner,  and  that  he  does  not 
consider  it  conclusive  against  the  process :  that  he  has  never  seen  any  wood  decayed 
that  had  been  steeped  by  the  Patentees. 

It  is  also  said  that  neither  Kyan's,  Burnett's,  nor  Payne's  process  can  resist  the 
combined  effects  of  moisture  and  great  heat,  say  SOP  Fahr. 

BURNETTIZINO. 

BuRNBTTiziNG  IB  the  pfocess  by  means  of  which  timber,  felt,  canvas,  cordage, 
cottons,  and  woollens  may  be  preserved  from  dry-rot,  mildew,  moth,  and  premature 
decay.  It  takes  its  name  from  its  inventor.  Sir  William  Burnett,  M.D.,  K.C.B., 
F.R.S.,  of  the  Navy,  who  took  out  a  patent  for  it  in  1837. 

It  consists  in  immersing  the  various  substances  above  enumerated,  in  a  solution  of 
chloride  of  zinc  and  water  in  a  wooden  tank,*  in  the  proportion  of  1  lb.  of  chloride  of 
zinc  to  4  gallons  of  water  for  wood,  and  1  lb.  of  the  chloride  to  5  gallons  of  water  for 
the  remainder  of  the  articles,  with  the  exception  of  felt,  which  requires  1  lb.  of  the 
chloride  to  two  gallons  of  water. 

Three-inch  deals  require  to  remain  in  the  tank  or  cistern  tir  dajfi,  and  all  other 

•  See  the  first  volume  of '  Profeauonal  Papen/  Article  XIX.,  on  Anti-Dry-xot 
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wood*  in  tbc  Mme  proportiMi,  or  two  dajrt  per  ineb.  Thej  are  then  taken  ont  asd 
pnt  nndei  a  ibed,  on  their  endi,  to  drj ;  and  require  for  thii  pnrpoK  ^m  (ooiteen 
daji  to  three  monthi,  according  to  the  thickneu  of  the  wood,  when  thej  are  lit  for 

The  timber  ihould  be  redaeed  to  the  icantling  required  for  uie  before  it  it  nib- 
jected  to  thii  procesE. 

CanTU,  yam  foi  corda^,  cotMna,  and  woolleni,  require  to  be  auapended  in  the 
tolution  fte  forty-eight  hoart. 

The  proccu,  howerer,  with  mpect  to  timber,  ia  much  more  expediliouUy  and 
effiecliTel;  done  hj  hydraulic  preuure  in  Her  Hajeity'i  Dockyard  at  Portimonth. 
where  lii^  quantitiea  of  timber,  etc.,  are  prepared  for  the  uie  of  Ibe  Boyal  Navy  at 
the  lariODi  dockyardi  ia  England,  particularly  for  ihipi'  magazinei. 

There  i*  a  large  wrougtat-iron  tank,  52  feet  in  length  and  6  feet  in  diameter,  witb 
a  door  2  feet  6  inchet  x  2  feet  it  each  end  for  loading. 

Timber  of  all  lizea  and  deicriptiona  i>  put  into  thia  cylinder,  which  containa  about 
ttBenly  loida.  Aa  sooa  as  it  ia  filled,  and  tbe  doors  well  aeiTured  both  againit 
eitemal  and  inlenial  preuure,  the  air  ia  eihauited  in  the  cylinder,  and  also  in  the 
timber,  by  meant  of  an  air-pump  worked  by  a  amall  rotatory  engine  of  ten-hone 
power,  on  the  Earlof  Dundonald's  principle,  until  tbe  harameter  ttandt  at  27°.  The 
TalTe  leading  to  the  air-pump  i>  then  ahut,  and  the  cock  of  a  pipe  leading  from  the 
tank  filled  with  the  aolution,  to  tbe  cybnder,  is  turned ;  tbe  solution  niabea  into  (he 
cylinder  to  fiU  up  the  partial  vacaum,  and  about  half  fills  it,  when  tbe  cock  is  turned. 
and  the  air-pump  again  set  to  work  until  tbe  barometer  stands  at  271°,  when  the 
tame  proceat  ia  repeated,  and  the  cylinder  nearly  filled  witb  the  solution. 

A  pretiureof  ISO  Iba.  per  square  inch  is  then  obtuned  by  meana  of  a  Biamah 
forcing-pump,  connected  with  an  iron  copper  or  retervoir,  filled  with  the  solution, 
and  communicating  with  the  cylinder  by  meana  of  a  pipe.  Thia  ia  worked  by  hand 
nntil  a  valie  placed  on  the  lop  of  the  cylinder,  and  loaded  to  the  required  gauge, 

Tbe  timber  ia  then  left  in  the  cylinder,  aubjecl  to  this  pretinre,  for  eight  houn, 
which  ia  conaidered  anlGdent  for  the  largest  loga,  even  in  a  rough  state.  The  tolo- 
tlon  being  then  drawn  off  into  the  tank,  and  the  timber  taken  out  of  the  cylinder,  it 
it  re-loaded,  and  the  proceaa  repeated ;  the  aame  aolution  ia  used  for  two  months, 
when  freah  ia  prepared. 
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to  rapid  decay,  and  being  much  inferior  to  Baltic  timber,  are  seldom  used  in  public 
buildings. 

To  the  Military  Engineer,  these  inventions  offer  still  greater  advantages.  He 
is  frequently  called  on,  in  distant  colonies,  to  construct  block-houses,  stockades, 
bridges,  and  barracks,  where  the  only  material  to  be  had  in  abundance  is  the  tree 
standing  in  the  forest :  to  him  a  few  pounds  of  either  ingredient  would  be  invaluable, 
by  enabling  him  to  season  and  render  durable  the  timber  a  few  days  after  it  was  cut 
down;  and  thus  provide  him  with  the  ready  means  of  rendering  a  distant  post 
tenable  in  a  short  time  by  a  small  body  of  men,  with  the  satisfaction  of  knowing  that 
the  work  thus  hastily  erected  was  of  a  permanent  nature. — R.  S.  A. 


L. 

LABORATORY — A  department  connected  with  the  Royal  Artillery  entrusted 
with  the  manufacture  of  combustible  and  other  substances  for  military  purposes, 
such  as  blank  and  ball  cartridges  for  small  arms,  cartridges  for  every  description  of 
ordnance,  percussion  caps,  rockets,  and  all  stores  of  a  similar  character. 

The  laboratory  department  is  likewise  entrusted  with  the  conservation,  packing, 
re-storing  and  supply  of  all  gunpowder  to  the  several  Naval  and  Military  departments, 
and  is  under  the  management  of  Officers  of  the  Royal  Artillery  specially  appointed  to 
that  duty. 

Officers  of  Artillery,  as  well  as  the  non-commissioned  Officers  and  gunners,  are 
instructed  in  the  laboratory  duties,  and  carefully  taught  the  manipulation  and  manu- 
facture of  laboratory  stores :  for  the  nature,  composition,  and  manufacture  of  these, 
see  the  Article  "  Pyrotechnics,  Military." — G.  G.  L. 

LEVELLING* — The  art  by  which  we  determine  the  relative  height  of  any 
number  of  points. 

The  height  of  a  point  is  the  vertical  distance  to  which  it  is  elevated  or  depressed, 
as  compared  with  the  true  general  surface  of  the  earth. 

The  earth  is  in  form  a  spheroid.  On  land  we  can  nowhere  trace  its  true  geometric 
surface ;  but  the  sea,  when  at  rest,  presents  everywhere  a  very  near  approximation 
to  it,  and  hence  the  level  of  the  sea  has  been  assumed  as  the  standard  to  which  all 
heights  are  referred. 

The  absolute  height,  then,  of  any  point  is  its  vertical  distance  from  the  level  of  the 
sea :  the  relative  height  of  two  or  more  points,  commonly  called  their  diferenee  qf 
levelt  is  the  difference  of  those  vertical  distances. 

A  tnte  level  is  any  surface  or  line  which  is  parallel  to  the  true  geometric  surface  of 
the  earth ;  every  true  level  must,  therefore,  necessarily  present  a  curve  everywhere 
perpendicular  to  the  direction  of  gravity.  It  is  a  beautiful  property  of  fluids  that  in 
every  situation,  when  at  rest,  their  surface  will  present  a  true  level. 

All  points  situated  within  the  same  true  level  are  evidently  at  the  same  height. 

One  point  is  said  to  be  higher  or  lower  than  another,  according  as  a  true  level 
traced  through  it  passes  above  or  below  that  point ;  and  the  vertical  distance  at 
which  it  so  passes,  is  the  measure  of  their  relative  height. 

*  By  Captain  Laffaai,  Royal  Engineer*. 
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In  theotr,  levelling  i*  extremely  ^mple.  It  nmaist*  in  tndng  throngh  ipMoe  k 
teriet  of  level  inrficet,  ud  findipg  Ibeir  intenections  witb  vertical  linei  pwting 
through  the  points  whoie  rtlaliet  htighi  we  wiih  to  uceitaia. 

Thna,  in  order  to  determine  the  relative  height  of  two  pointa,  we  establigh  at  tome 
convenient  ipot  in  their  neighboDrhood  a  tnil;  level  surface,  and  with  the  eye, 
•aaisted,  irhen  neceuaiy,  by  optical  initnunenti,  we  endeavour  to  trace  the  ctnitiniia. 
tiOD  of  that  surface  till  it  intenecti  vertical  line*  ptning  throogh  the  two  pointa. 
The  vertical  diitaneo  from  each  point  to  ita  cormponding  intersection  will  give  the 
difltrence  of  level  between  thst  point  ud  the  observer's  eje ;  and  the  difference  or 
the  sum  of  those  vertical  distuicet,  according  as  the  points  are  on  the  same  or  on 
different  tides  of  the  level  surface,  will  give  the  difference  of  level  soaght. 

In  practice  however,  the  aimpUci^  of  the  Iheorr  ia  disturbed  by  two  aonrcei  of 
error,  called  th   error*  of  evrvtxlurt  and  rtfraclian. 

The  Brat  ahsea  from  the  apheroidal  form  of  the  earth,  in  consequence  of  which  all 
tme  levels  mnst  necessBrily  be  cunea ;  whereas  we  can  only  trace  hoiiiontal  lines  or 
planes  tangent  to  thoae  cnrvea  at  the  points  whereon  we  stand.  These  we  call  the 
"  apparent,"  to  distinguish  them  from  the  "  true  "  levels. 

In  thus  anbatituting  the  apparent  for  the  true  levels,  we  evidently  give  riae  to  an 
error  in  the  observation,  the  effect  of  which  ia  to  deprea  the  apparent  place  of  any 
distant  point.  This  effect  increases  tbe  further  our  observations  extend  i  within 
short  dittancet  of  200  or  300  yarda,  it  ia  so  amsll  that  except  in  eilremeiy  aocnrate 
levelling  it  may  be  overlooked;  but  for 
^Ater  diglanee*,  it  ia  necessary  to  apply  a 
correction.     (Sec  fig.  I.)  ' 

If  we  suppose  a  A,  in  the  uineicd  figure, 
hi  represent  n  portion  of  the  cartli't  sur- 
Uct,  a  tbe  point  where  <he  observer  stands, 
and  b  the  point  observed,  c  the  centre  of  the 
earth,  and  a  da  horiiontsl  line  or  "apparent 
level ;"  then  b  d  is  the  error  of  curvnlure 
due  to  the  distance  a  h,  and  il  is  evidently 
the  difference  between  the  radius  and  secant 
of  the  arc  n  A.  If  we  call  thii  difference  x. 
the  arc  or  diitance  D,  the  tangent  o: 


Fig.  1. 
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cufftture,  Inatmnch  ai  it  tends  to  derate  the  epperent  plaee  ol  toy  diitnit  |ioiiit. 
It  varies  in  tmount  according  to  the  ftate  of  the  atmosphere,  bat,  as  a  general  nde, 
it  may  be  assumed  eqoal  to  f  the  error  of  comtore ;  and  as  it  aoka  in  a  eontrary 
direction,  it  most  be  subtracted  from  it.  The  coneeticm,  in  ftet,  for  the  two 
combined  will  be  f  the  square  of  the  distance  in  miles. 

These  oonrections  are  Tcry  troublesome,  and,  wheneyer  it  is  possible,  it  is  desirable 
to  do  away  with  the  necessity  for  applying  them.  This  can  generally  be  done  by 
choosing,  as  a  point  to  level  from,  some  spot  equidistant  from  the  pdnts  we  wish  to 
observe.  The  errors  both  of  curvature  and  refraction  then  compensate  themselves, 
for  they  act  equally  both  ways.  In  the  series  of  observations,  however,  required  to 
level  a  long  line,  instances  will  frequently  occur  in  which  it  is  imposnble  to  obaerre 
from  a  point  equidistant  from  the  other  two ;  but  even  in  this  case  the  erron  may 
be  compensated  in  the  next  observation,  by  making  the  point  of  observation  equally 
eccentric  the  opposite  way. 

The  instruments  made  use  of  in  levelling  operations  are  founded  upon  two 
principles. 

Ist.  Every  line  or  plane  perpendicular  to  the  direction  of  gravity,  is  horiiontal,  or 
apparently  leveL 

2nd.  The  suiftce  of  every  liquid  at  rest  being  a  true  level,  all  lines  or|danes  tan- 
gent to  such  sur&ces  will  be  apparent  levels. 

On  the  first  of  these  is  founded  the  common  mason's  level  and  all  reitecting  levds. 

The  second  is  the  principle  of  the  simple  water  level  and  of  the  various  descrip- 
tions of  spirit  levels  now  in  use. 

Tlie  common  mason's  level  is  too  well  known  to  need  a  description ;  it  will  do  fior 
rough  work  and  short  distances,  but  should  never  be  used  whenever  a  siqwrior 
instrument  can  be  procured.  In  military  reconnaissances  however  it  might  be 
turned  to  some  account,  by  adding  a  graduated  arc  described  from  the  summit  as  a 
centre,  and  numbered  on  each  side  from  the  centre  line.  On  applying  it  then  to  any 
slope,  the  string  would  mark  on  the  arc  the  exact  angle  of  inclination  vre  desire  to 
know.    (See  figs.  2  and  3.) 

Rg.  2. 


The  reflecting  levels  consist  of  a  small  piece  of  looking-gUus  set  in  a  metal  frame, 
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■nd  Biupeoded  from  t  point  w  tdjoited  that  the  plane  of  tbe  glut  (hull  be  «l*ara 
verticd.  It  ia  evideot  that  when  r 
the  line  from  the  pnpil  to  itg 
radecied  image  muit  be  pei' 
pendicular  to  the  plane  of  the 
gUM,  and  therefore  to  the  di- 
rection of  gravity.  By  thifling 
the  initniment,  therefore,  we 
have  the  mean*  of  tracing  any 
namberof  horizontal  linei.  Re- 
flecting lereli  are  beautifnl  in 
theory,  and  ver;  portable ;  but 
in  practice  they  are  not  snicep. 
tibte  of  great  accuracy.  They 
are  tery  good  for  a  military  re 

The  water  lerel  ii  generally 

lued  for  filling  np  tbe  detail*  of 
more  ertended  obcerratianB 
and  for  all  operationi  at  ihort 
dittance*,  where  great  accuracy 
ii  not  reqoired.  It  it  a  very 
convenient  initnimeot,  euily 
made,  and  having  tbe  great  ad 
vantage  of  never  getting  out  of 
adjoiUnent. 

The  water  level  ta  peculiarly  adapted  to  the  tracing  of  contour  linei,  an  important 
branch  of  military  lurveying ;  and  as  it  may  prove  of  service  to  military  men  where  supe- 
rior instnunenta  cannot  be  procured,  the  following  description  and  sketch  are  annexed, 
to  enable  any   one   lo  con- 

ttruct  onefoihimielf  witbno  Fig.  5. 

funhrr  .liil  Ihaii  Hint  supplli:il 
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ihiii  white  glatt.  The  wtter  nratt  be  lUgfatly  eolonred  (edld  tet  antwen  terj 
weU). 

The  spirit  lerels  in  general  use  are  the  ordinary  T  lerel,  to  caUed  tnm  the  nature 
of  its  supports,  and  Tronghton's  improved  level.  These  inttniments  are  so  well 
known  that  it  is  unnecessary  to  describe  them ;  but  the  fbllowing  directions  for  thdr 
adjustment  may  be  found  usefuL 

In  the  Y  level  there  are  three  points  to  be  attended  to : — 

1st.  To  see  that  the  intersection  of  the  cross  wires  is  exactly  in  the  eentre  of  the 
telescope.    This  is  called  the  adjustment  for  the  line  of  coUimation. 

2nd.  To  see  that  the  level  is  exactly  parallel  to  the  axis  of  the  telescope. 

3rd.  To  see  that  the  axis  of  the  telescope,  or  line  of  coUimation,  is  perpendicular  to 
the  vertical  axis  upon  which  it  turns. 

The  first  of  these  is  tested  by  making  the  intersection  coincide  vdth  some  wdl- 
defined  distant  point,  and  then  turning  the  telescope  round  in  the  Y'a.  If  the 
acQnstment  be  correct,  the  coincidence  will  remain  perfect  during  the  whole  revolu- 
tion ;  but  if  in  error,  the  intersection  will  be  seen  to  describe  a  small  circle  on  the 
distant  object.  In  the  latter  case  the  wires  must  be  moved  by  means  of  the  small 
screws  of  the  diaphragm  till  their  intersection  occupies  the  centre  of  the  observed 
drde.  If  this  be  correctly  estimated,  the  telescope  may  be  turned  round  again  without 
any  eccentricity  being  observed :  generally  speaking,  however,  this  a^jnstment  vrill 
require  repeated  trials. 

The  second  adjustment  is  tested  by  bringing  the  telescope  over  two  of  the  plate 
screws,  and  moving  the  latter  till  the  bubble  is  in  the  centre.  The  telescope  is  then 
to  be  reversed  in  the  Y's,  and  if  the  bubble  still  occupy  the  centre,  the  adjustment  ia 
correct.  Should  it  however  incline  to  one  side,  it  must  be  brought  halfway  back 
by  the  capstan-headed  screw  under  the  end  of  the  level,  and  the  remaining  half  by 
the  plate  screws.  If  this  be  correctly  done,  the  bubble  will  remain  in  the  centre  in 
both  positions.  Owing  however  to  the  difficulty  of  estimating  the  half-error,  this 
aiiljustment  will  generally  be  found  to  require  many  trials. 

The  third  adjustment  is  also  tested  by  bringing  the  telescope  over  two  of  the  plate 
screws,  and  the  bubble  to  the  centre ;  but,  instead  of  reversing  the  telescope  in  the 
Y's,  the  instrument  is  turned  round  a  half-circle  on  the  vertical  axis,  when  the  tele- 
scope will  be  again  over  the  same  screws  the  reverse  way.  If  the  bubble  has  moved 
from  the  centre,  it  must  be  brought  halfway  back  by  means  of  the  mOled  screw 
under  the  Y  near  the  eye-piece,  and  the  remaining  half  by  the  plate  screvra.  The 
same  operation  being  repeated  with  the  other  pair  of  plate  screws,  the  adjustment 
will  be  complete. 

N.B. — 'So  instrument  should  ever  be  used  till  it  is  ascertained  that  these  adjust- 
ments are  correct. 

In  Troughton's*  improved  level,  the  spirit  level  itself  is  firmly  bedded  in  the  tele- 
scope ;  there  are  therefore  only  two  a^ustments  i — 

*  "  The  Dumpy  Level. — ThU  modification  of  the  apirit  level  has  but  recently  been  introduced  by 
William  GraTatt,  Esq.,  and  bide  fair  to  become  the  faTOurite  instrument  among  Cinl  Engineers.  In 
its  general  figure  it  docs  not  differ  verj  essentially  fromTrougfaton's  improved  level,  but  it  poeoeaaes 
many  decided  advantages.  The  aperture  of  the  object  glass  is  much  larger  for  the  same  length  of 
telescope ;  consequently  more  rays  of  light  are  admitted  to  the  eye,  producing  the  advantages  of 
greater  distinctness.  \Vc  lately  tried  a  fourteen-ineh  level  conatnicted  upon  BIr.  Gravatt'a  prin- 
ciple, and  found  that  we  could  distinctly  read  the  levelling  st^at  twenty  duuns  (a  quarter  of  a  mile) 
distant,  which  waa  the  utmost  we  could  do  with  a  twenty-ineh  level  upon  the  old  construction :  we 
have  therefore  the  advantage  of  a  more  portable  instrument,  fourteen  inches  in  lengtii,  capable  of 
perf omung  the  same  work  as  a  more  cumbersome  one  of  twenty  inches.  Beudea  thia  advantage,  the 
'natniment  in  question  is  more  complete  in  its  details.    It  possesses  a  croaa  level,  placed  at  right 
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lit.  To  make  the  level  peipeodiciilar  to  the  TeHical  uii. 

2iid.  To  make  tbe  line  of  coUiinatiOD  paT&Uel  to  tbe  level. 

The  fint  ia  effected  in  the  lame  wty  as  in  the  Y  level,  mbitilnting  for  the  milled 
•crew  under  the  V  the  eapitan  screws  which  attach  the  teletcope  to  tbe  horiioiital 
bw. 

The  second  adjiutment  ii  effected  by  noting  the  height  of  the  intenection  of  Uie 
eiosa  wires  on  a  staff  two  or  three  hundred  jards  distant,  and  then  making  the 
initrumeut  and  Mff  change  places.  If  the  difTeience  of  level  remain  tbe  lame,  tbe 
8<^ustment  is  correct ;  if  not,  (be  vane  on  the  staff  is  to  be  moved  one-half  the  ob- 
served differeoce,  and  the  intersection  made  to  coincide  with  it  b;  tbe  diaphragm 
icrewi  near  the  eye.piece. 

A  sheet  of  water  fumishea  an  easy  mode  of  adjusting  the  line  of  collimation.  A 
mark  beiag  filed  at  some  convenient  distance,  at  exactly  the  same  height  from  the 
water  as  the  inatrament  to  be  adjusted,  the  croas  wires  have  only  to  be  made  to 
interaect  each  other  at  that  point. 

Tbe  telescopes  of  ainrit  levels  are  geuerally  provided  with  one  horizontal  and  two 
vertical  wires.  Some  have  also  a  fiuely-divided  micrometer  ecale,  which  ia  a  very 
naeful  addition,  iaasmach  as  it  enables  the  observer  to  read  off  any  small  portion  of 
the  staff  that  may  be  intercepted  between  the  horizontal  wire  and  the  neareat  upper  or 
lower  divisiou.  Il  may  also  be  used  where  minute  accaracj  is  Dot  required,  to  fix 
approiiwately  tbe  staves  at  equal  distances  from  the  instrumcDt,  or  even  to  estimate 
the  actual  dJtance  of  any  point. 

Id  order  to  read  tbe  staff  by  the  micrometer  scale,  it  is  necessary  to  note  the  run  of 
the  lattOT  for  each  observation,  as  it  will  necessarily  vary  with  the  distance. 

In  order  to  fix  the  atavea  approximately  at  equal  dittances  from  the  inttmment,  il 
auffice*  to  note  tbe  value  upon  tbe  acale  of  any  given  unit  at  the  back  station,  and 
then  cause  the  second  ataff  to  recede  till  a  similar  unit  subtend  the  same  number  of 
divisions. 

If  vre  wish  to  estimate  the  actual  distance  of  any  point,  it  is  necessary  to  have  a 
Table  prepared  from  previoua  observation,  showing  (be  number  of  divisions  of  the 
acale  a  given  height  on  the  staff  (aay  b  or  10  feet)  subtends  at  100,  1^0,  200,  and 
so  ou  to  1000  feet.  Intervening  distances  may  be  found  by  taking  the  neareat  nnmber 
of  divisions  in  the  Table,  and  the  distance  corresponding  to  it ;  these  will  form  the 
two  first  terms  of  au  nnertt proportion  ;  tbe  third  bdng  the  observed  number,  and 
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with  Tines  CMing  in  oppotite  directions,  and,  whenever  it  is  possible  to  avoid  it, 
the  Tine  recording  one  obsenntion  is  nerer  disturbed  till  the  next  is  obtained. 
The  Tines  are  generally  of  metal :  they  more  on  the  staff  by  means  of  a  sliding 
dasp.  This  again  is  connected  by  aa  a^nsting  screw  with  a  spring  dasp,  somewhat 
lower  down ;  and  the  latter  can  be  firmly  attached  to  the  staff,  vhen  necessary, 
by  means  of  poshing  screws.  The  a^jnsting  screw  is  finely  cnt,  so  as  to  admit 
of  a  delicate  acyustment.  When  the  vane  is  so  high  on  the  staff  that  the  arm  cannot 
reach  to  manipolate  it,  a  rod  ii  made  use  of,  hiTing  a  uniTcrsal  joint  fitting  the  head 
of  the  screw.  A  triangular  space  is  cut  out  from  each  side  of  the  Tsne,  and  the  axes 
are  made  to  coincide  with  the  zero  of  the  Temier  which  divides  the  staff.  Small 
mirrors  are  fitted  to  the  back  of  these  openings,  moTing  upon  hinges,  so  as  to  reflect 
the  light  towards  the  telescope  at  different  angles  of  incidence.  In  obserring,  the 
horiiontal  wire  will  be  seen  Tcry  sharp  and  distinct  upon  the  fiuses  of  these  mirrors : 
it  is  made  to  bisect  the  triangles,  and  thereby  to  coincide  with  the  sero  of  the 
Tender ;  the  latter  is  divided  to  *001  of  a  foot,  and  the  reading  can  be  carried  to 
a  fourth  pbMse  of  decimals  by  the  eye.    (See  figs.  6,  7,  and  8.) 


Fig.  6.— Back  View. 


Kg.  7. — ^Pront  "View. 
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Fig.  8.— Tripod  Stand. 


The  staTCs  are  supported  by  tripod 
stands  haTing  on  the  top  a  strong  brass 
plate,  to  which  a  horizontal  motion  can 
be  giTen  by  means  of  adjusting  screws. 
The  staff  is  passed  through  an  opening 
in  this,  and  rests  below  upon  a  massiTC 
iron  shoe,  in  which  an  orifice  has  been 
made  to  receive  it.  The  vertical  posi- 
tion is  then  ensured  by  means  of  the  ad- 
justing screws. 

A  strong  wind  generally  causes  so 
much  vibration  and  unsteadiness  in  the 
staves,  that  it  is  difficult  to  obtain  a  satis- 
fSsctory  result.    In  this  case  a  strong 

canvas  screen,  placed  to  windward,  will  be  found  to  diminish  the  vibration  very 
materially. 

X  2 


LKVELLING. 


The  methoil  of  obierviiig  adopted  for  ordinuy  ICTellii^  ii,  to  divide  the  line  to  be 
levelled  into  convenient  lengths,  leldom  placing  the  ttevei  more  thin  400  or  SOO 
feet  apart.  The  instrument  ia  placed  u  nearly  as  possible  equidistant  from  the 
staves,  by  which  meana  the  errors  of  curvature  and  refraction  are  got  rid  of,  and 
e*eD  a  alight  error  in  the  coUimatiOD  of  the  inslrument  cannot  materially  affect  the 
result.  The  hdgbts  marked  upon  the  staves  by  the  horizontal  wire  are  then  read  off 
bj  the  observer  himaelf,  and  entered  iu  a  field-book,  and  the  difference  of  those 
heights  fives  the  difference  of  level  between  the  flrat  two  points.  The  staff  at  the 
back  stRlion  it  then  sent  forwards,  the  instrument  again  set  up  at  some  point  equi- 
distant from  the  staves,  and  another  observation  Uken,  nhicb  fixea  the  comparative 
level  of  another  point.  Theie  operaliona  are  repeated  as  many  times  is.  may  he 
necetMry  to  complete  tbe  whole  line ;  the  fornard  atation  of  one  obserratian  neces- 
sarily becoming  the  back  station  of  the  next. 

The  observations  are  generally  entered  in  the  form  of  a  Table :  this  may  be  dr*i>n 
np  in  various  ways.    The  following  ia  given  as  a  simple  form  : — 


No.  of 

nilloo. 

tht  SUVtl, 

suiion. 

«. 

Fill. 

Rat. 

FJ1. 

|^„,. 

1 

400 

S-J2 

11-35 

_ 

b-63 

_ 

5'63 

2 

350 

4-3! 

6-54 

2-23 

7-«fi 

3 

4S0 

217 

9B9 

772 

4 

300 

3-35 

860 

5-25 

— 

5-11 

In  the  first  column  is  entered  the  number  of  the  obaervalion ;  in  the  second,  the 
diittncet  between  the  staves.  The  third  and  fourth  show  the  readings  of  the  in- 
strument ;  and  the  differences  of  those  readings  are  entered  in  the  fifth  or  u«b 
column,  according  ai  (he  result  shows  a  rise  or  fall  between  tbe  two  points.  In  tbe 
seventh  and  eighth  columns  are  carried  out  the  total  rise  or  fall  of  each  point  from 
tbe  firat  station ;  and  tbe  ninth  coluiun,  beaded  ■'  Remaria,"  contains  references  lo 
bencb-marks,  cross  sections,  or  any  other  information  that  may  be  subsequently 
required. 
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tioM  ^flto  more  tbtn  ^  of  a  foot,  the  obtemtiona  ire  repeated  till  ■  &ir  Kiiei  ii 
obtuned ;  after  which  an  independeDt  reading  l»  eoteced  by  the  obaerrer  m  before. 

If  the  line  to  be  levelled  be  a  long  one,  it  ihould  be  divided  into  inlervali,  the 
length  of  which  maat  vary  with  the  facility  with  which  proper  bench-marki  can  be 
foand.  These  Utter  ihould  be  very  pennanently  recorded;  the  beat  conaiat  of  copper 
bollB  let  into  the  comen  of  alone  buildingi,  towen  of  chnrehei,  etc.,  and  mn  with 
lead.    Their  position  should  be  accurately  defined  in  the  field-boob. 

The  following  is  the  form  of  Geld-booii  used  i — 


' 

i 

1 

1 
1 

1 

£ 

j 

1 

1 
s 

1 

f 

11 

1 

1 
1 

4 

! 

i 

*} 

i 
1 

1 

Having  been  recently  appUed  to  by  two  gentlemen  about  to  travel — the  one  in 
Africa  and  the  other  in  Asia  Minor — for  a  deicripiion  of  the  thermometert  and 
apparitua  used  by  myself  for  some  years  in  India  for  determining  heights  by  the 
boiUng  temperature  of  water,  I  have  ventured  to  believe  that  a  brief  account  of  a 
process  which  I  found  to  produce  results  aufficjently  near  to  the  truth  for  moat  prac- 
tical purposes,  maj*  not  be  unacceptable  to  some  memben  of  the  Society,  particularly 
as  I  carried  on  my  barometrical  observations  coatemporanenusly.  and  thereby  ob- 
tained data  for  filing  the  value  of  certain  points  on  the  thermometric  scale.  To 
determine  heights  accnrately,  good  barometen  are  uecesiary,  which  bavebeen  care- 
fully compared  with  a  standard  barometer:  the  observations  must  be  taken  simul- 
taneously at  the  upper  and  loner  stationa ;  and  the  temperature  of  the  mercory  and 
the  air,  and  the  hygrometnc  sUte  of  the  latter,  must  be  noted.  Heights  so  deter- 
mined, when  tested  again  in  the  same  Of  succeeding  yeon,  I  have  rarely  found  to  vary 
more  than  10  or  20  feet  in  4000  or  5000.  When  barometers  are  used  which  have 
not  been  previously  compareil  nith  a  standard,  when  the  observations  are  not  simul- 
taneous, and  when  the  pressure  and  lemperature  at  the  level  of  the  sea  are  auumed, 
the  results  may  by  accident  be  near  to  the  truth,  but  they  will  usually  be  from  100 
to  300  feet  wrong,— at  least  such  is  the  result  of  my  experience  within  the  Tropics. 
But  good  barometers  arc  very  costly  i  they  are  troublesome  to  carry,  are  particularly 
ex[>osed  to  accident  on  a  journey,  and  get  out  of  order  by  the  escape  of  the  mercuiy. 
which  being  frequently  unobserved,  the  barometer  continues  lo  be  used  ai  if  it  were 
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eoirect.  The  Ute  Arebdeicoii  Wolluton,  aware  of  these  fact*,  indented  the  thenDO- 
metric  barometer,  to  aupply  the  place  of  the  ordinary  barotneter.  Thi*  initnuiieDt  ii 
Ter;  aeniihle,  bat  it  ii  lery  fragile,  from  the  great  weight  of  the  bulb,  compared  with 
the  aleademeii  of  the  atem ;  moreoTer,  there  are  lome  complex  accompMUtnent*, 
and  the  instiumeot  ii  alio  eipeniiTe ;  in  short.  I  found  it  oot  lit  for  rough  vori  ont- 
of-doon,  baling  bad  three  deatrojed  at  the  outset  of  my  labonn ;  and  the  same 
opinion  ia  eipreased  b?  Mr.  James  Prinsep,  of  Calcutta,  who  is  well  known  for  tbe 
practical  appUcaUon  of  bis  sdentidc  knowledge.  I  bad  then  reeouiae  t«  eommoD 
thermometen,  and,  with  certain  precantioiis  in  their  use,  found  them  answer  my 
pntpose  sufficiently  weU.  k  tin  shavmg-pot  was  my  boiler ;  dry  atiekt  and  pure 
water  were  nsnally  to  be  had,  and  by  the  time  my  barometen  were  settled,  I  was 
ready  to  take  the  boiling  temperature.    The  following  is  a  sketch  of  the  ippaiatat. 

It  will  be  seen  that  the  chief  part  of  the  scale  osuslly 
attached  to  tbe  tbennoueter  is  remored,  only  to  mach  ^-  ^• 

of  it  being  left  as  may  be  desirnbk' :  I  however  per- 
is scale  of  one  of  my 
a,  and  T  did  not  discover  that  it 
PreTiously  to  taking  the  IhenDomctcn  inland, 
it  is  necessary  to  asceTiatn  their  bolting  points  at  the 
level  of  the  sea;  for  in  many  instances  tbe  scales  are  so 
carelctity  applied,  (hat  a  thermometer  may  indicate  a 
boiling  temperature  of  ai3°,  2U°,  or  215=  at  the  level 
of  the  sen;  one  of  mine  stood  at  2H2  when  water 
boiled.     Nevertheless,  by  making  a  deductiaa  of  2°  2' 
in  nil  observations,  tlie  indications  rarelj?  differed  Gve- 
hundredths  of  a  degree  from  the  ol 
which  the  boiling  point  was  212°^  the  temperature  of 
the  air  and  the  height  of  the  haronicler  at  the  time  the 
nrri/icafiDn  of  the  thermometers  is  made,  must  be  noted. 
The  following  is  the  manner  in  which  my  observations 
e  taken : — from  4  to  5  inches  of  purr  water  w 
□  the  Un  pat ;  the  thermometer  was  fitted  into 
a  the  lid  of  the  sliding  tube  by  n 
collar  of  cork  ;   the  tin  tuiie  was  then  pushed  up  or 
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(the  only  naUthetory  way  to  asoerttiii  heights  not  taken  trigonometrieally),  approxi- 
mate anfficiently  near  fbr  all  practical  purposes,  where  great  acenrac/  it  not  dethred. 
These  Tables  however  differ  slightly  firom  each  other. 

The  Table  which  first  came  into  my  hands  appeared  anonymously  in  the '  Madras 
Gazette '  for  1824.  In  1826,  an  able  friend,  Lientenant  Robinson,  of  the  Indian  Nafy, 
who  entered  warmly  into  my  Tiews  to  determine  heights  by  common  thermometers, 
thought  he  could  improve  upon  the  table  I  was  using,  and  accordingly  made  a  new 
computation.  The  third  Table  came  under  my  notice  much  more  recently  than  the 
two  fwmer:  it  is  computed  by  Mr.  James  Prinsep,  of  Calcutta,  Secretary  of  the 
Asiatic  Society  of  Bengal,  a  gentleman  distinguished  for  his  scientific  research.  He 
published  it  in  the  Journal  of  the  Society.  To  admit  of  a  just  estimate  being  formed 
of  the  value  of  these  Tables ;  of  the  value  of  corresponding  barometrical  observa- 
tions, made  with  due  precautions,  although  with  difl'lerent  coadjutors  and  dififerent 
instruments ;  of  the  value  of  barometrical  observations,  with  an  assumed  pressure 
and  temperature,  at  the  level  of  the  sea ;  of  the  value  of  thermometrical  compared 
with  barometrical  observations, — out  of  many  hundred  heights  determined  in  various 
ways,  I  have  taken  many  at  random  (the  number,  it  appears,  is  eighty-eight),  and  I 
have  put  them  into  juxtaposition  in  a  tabular  form.  In  thermometric  heights,  the 
elements  at  the  level  of  the  sea  were,  a  boiling  temperature  of  212^  Fkhr.  and  a  mean 
temperature  of  the  air  of  82^  The  anumtd  pressure  in  heighti  determined  barome- 
trically, without  corresponding  observations,  was  30  inches ;  mean  temperature  82^. 
In  looking  over  the  tabulated  results,  I  was  a  good  deal  surprised  to  find  that  in  no 
instance,  by  whatever  method  determined,  do  the  barometric  differences  in  height 
exceed  127  feet,  and  this  only  by  comparing  the  highest  indications  with  an  assumed 
pressure  with  the  lowest  indications  of  corresponding  observations.  It  will  be  seen 
that  the  various  Tables  for  determining  heights  thermometrically,  with  certain  excep- 
tions, do  not  differ  very  materially  in  their  results  from  each  other,  nor  from  corre- 
sponding barometric  observations ;  the  formulae  on  which  they  are  founded  may 
therefore  be  considered,  on  the  whole,  sufficiently  accurate  for  the  present  state  of 
our  knowledge. 

Lieutenant  Robinson's  and  Mr.  Prinsep*s  Tables  give  close  approximationa  to  each 
other  in  their  results,  but  they  are  as  much  below  the  corresponding  barometric 
observations  which  I  consider  the  true  heights,  as  the  results  by  the  Madras  Tables 
are  above  the  true  heights.  Some  of  them  curiously  coincide  within  a  foot  or  two 
of  the  heights  determined  by  corresponding  barometrical  observations,  but  this  co- 
incidence must  be  the  result  of  mere  accident.  Taking  the  mean  of  all  the  thermo- 
metric observations  at  a  station  calculated  by  the  three  Tables,  and  the  mean  of  all 
the  corresponding  barometric  observations  at  the  same  place,  the  utmost  difference  is 
107  feet,  in  less  than  600 ;  and  the  least  difference  is  8  feet,  in  about  3000 ;  but 
as  the  thermometric  heights  in  which  the  difference  of  107  feet  occurs  were  single 
observations,  made  by  a  gentleman  who  had  newly  begun  to  use  his  thermometers, 
they  may  be  looked  upon  as  probably  less  accurate  than  subsequent  trials  would 
have  made  them.  This  is  scarcely  an  unjust  inference,  as  it  will  be  seen  that 
the  next  greatest  difference  made  by  the  same  gentleman  was  only  24  feet  in  4490. 
It  must  be  admitted,  however,  that  this  amount  of  error  is  just  as  likely  to  occur  in 
heights  of  100  feet  as  in  those  of  10,000.  My  thermometers  were  not  graduated  to 
less  than  half-degrees,  and  long  practice  enabled  me  to  determine  the  height  of  the 
mercury  in  the  stem  to  one-twentieth  of  a  degree ;  but  I  would  recommend  thermo- 
meters being  used  in  which  the  degrees  are  graduated  to  fifths  or  tenths  of  a  degree. 
On  the  whole,  I  think  the  results  of  six  years'  experience  justify  me  in  saying,  that 
common  thermometers  may  be  satisfactorily  used  to  supply  the  place  of  barometers 
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ID  meuuiiDg  heights  where  g^ett  accnrtcy  ij  not  required ;  and  it  will  be  recollected 
that  what  ii  otntll}  looked  upon  as  a  difficult  aod  (roubleiome  operation  with  ban»- 
miten,  will  be  attainable  b^  an;  peraon  who  carries  with  him  a  couple  of  thermo- 
metert,*  the  requiiile  tinpot,and  the  Tables,  and  who  is  master  of  the  simplest  rules 
of  arithmetic 

Of  the  three  Tables  in  my  possession,  I  have  chosen  Hr.  Priusep's,  from  their  per- 
tpiciutjr  Bad  tbe  hcilitiee  tbey  oflTer  for  the  couTeision  of  boiling  temperaturet  into 
heights  with  very  little  trouble ;  but  a  glance  over  the  figures  in  mjr  Tables  of  Alti- 
tudes will  show  that  the  Tables  are  susceptible  of  considerable  improvement,  for, 
with  two  eiceptions,  all  the  heights  deduced  &om  Mr.  Ptias^'s  and  Ueatenaat 
Robinson's  are  much  below  those  determined  by  simultaneous  observationi  with 
good  barometer*;  and  I  join  with  Mr.  Prinsep  in  eipresiing  a  hope  that  every 
traveUer  boiling  his  thermometen  will  at  the  same  time,  if  he  possess  a  baro- 
meter, make  a  record  of  its  indicationB,  and  thus  render  essentia]  service  to  physics 
by  fixing  so  many  points  on  the  scale  of  the  elastic  tension  of  steam  at  different 


"  Baromelrieal  LneBitig  m  the  Madrai  Pretidrnry  by  General  Culkn,  toiM  Oiierva- 
tiona  by  Cobnut  Syiet. 
"  ColoDEl  Syka  eihtbiEcd  ud  eipl^ned  two  nupi  CDDitructed  bj  Gtn.  CnUen,  of  tbe  Msdna 
ArtUkry,  ecouprisiiig  Are  Kcttom  of  conDtrr,  ihowlDg  (he  rrliUrc  lerda  by  bcmiDecrieil  obterrs- 
&n  U  dUtwca  nagiDB  fivD  10  lo  aa  miln:  one  Kcdonof  ibDBt  ll^Omilei— inotheibdiigaivid 
i^tuu  of  to  mUea.    The  Kcond  m>p  coDtiined  three  Httioiu,— one  of  tHi  miln.  uiother  at  no 

to  Jdilamacul,  on  >  lioa  ibout  W.  ud  3,  US  mila,    Tbit  map,  wilhout  pKtendlng  to  be  >  coin- 

were  nofico  of  Ibe  climate  ud  msiulily  et  ihhI  at  the  lUtiimi,  eompriiing  the  muisu,  niiuiM, 
ud  mBU  prcenre  of  the  bvotueter  for  lome  jein;  the  meximji,  njinLmB,  sad  meui  indicntionB 
of  tht  tbennomelCT  i  the  fkUi  of  nin ;  tbe  niture  i>f  the  monioont ;  bad  the  tickneu  uid  per- 
anlvge  mortelitf  of  the  Eimpon  and  Natire  troopi.  The  whole  of  theae  Uboriout  reiuLla  indicated 
no  ordinsfj  InduatiT  ajid  jodEmeot  Colonel  SsMet't  object  Id  eihihitiog  the  icctioiia  waa,  to  caU 
~     '  ittheuaeof  tbebaromctcr  at  thepKcoraorof  the  theodolite,in 


Il 


: 

»iln!«|mpTr«Joo»|i 

-^w — ■>  a    f^ — a — -a   -35 — ar- «      •        <w        *t  «  1 

3 

.^-as-sj; 

4499 
4190 
3090 
2530 
2649 
2480 
3892 
4499 
3197 
2022 

1820 

1623 
592 

'^^^^'^ 

7   !7S    !    -     T    7   7    !       ?       tS 

■* 

•■b.a-d«<i«j™r.rp 

III  1   1   1   1   |i   1     1     §  1 

''^'■7^^ 

i  II  1  1  1  i  11  1     1    t\ 

Sumeq  iq  nilSWH 

i  nil  :  1  11  |i  1    1    11 

■Blilij.  wiiwRiw  Iq 
«a!Boq  iq  nq^u 

i  iiil  i  i  11  |i  i   Ji   11 

i  i  M   i    i   i    M    : 

ii^i   i    ^  M   M     i      M 

..dilor  -1*13  "O!"  ""HI 

11     li  lit  t   n 

■»a  ^»qno  >.«"i>f 

\    :  II  i    :  :  ii  ii     M 

'amona  ..too 

i  1  i  1    1        s     ^    ^     i      '      M 

1-»N-nfl'."'"'r 

i  i  :  i  1    :  i    :  M          M 

1 

1 

III 

r  1 

iifiiSi^!  i  Si 

i 

iiiliiis  :  fi!  1    ^  II 

s 

sssiis    iliii    i  iiSii  i  1 

LCVKLLING. 


To  find  IMe  Banmulrie  Praiure  end  Elnalion  corraponding  to  my  oinrvfd 
TVn^MvAire  i/  BoiB^  Water  betiettn  2\i'  and  1H0°. 


""^"K!- 

FonBuU. 

1-i.pirilhinii: 

l^ll^t^^tt'. 

"t?^t 

Pait'foiOnc- 
tralbof. 

2U= 

213 
212 

211 
210 
203 
208 
207 
20G 
8oa 

204 

203 
802 
201 
200 
199 
198 
197 

tge 

195 

194 
193 
192 
191 

190 
189 

31-19 
30-59 
30-00 
29-42 
28-85 
29-29 
27-73 
27-18 
2G'64 
2G-U 
25-59 
25-08 
24-58 
24-08 
23-69 
23-11 
22-64 
22-17 
21-71 
2I'2G 
20-82 
20-39 
19-90 
19-54 
1913 
1872 

00-fl4-3 
84-5 
84-9 
85-2 
85-5 

86-2 
86-6 
87-1 
87-5 
87-8 

88-5 
B8-9 
89-3 
89-7 
901 
90-5 
91-0 
91-* 
91-8 
92-2 
92-6 
93-U 
93-4 

Feel. 
-1013 
507 
0 
+  509 
1021 
1534 
2049 
2560 
3085 
3607 
4131 
4657 
5185 
6716 
6250 
G786 
7324 
7H64 
8407 
8953 
9502 
10053 
lOGOG 
1II61 
11719 
12280 

Feel. 

-505 
507 

-I- 509 
511 
513 

517 
519 

524 

526 
528 
531 
633 
536 
538 
541 
543 
546 
548 
651 
553 
6S6 
558 
SCO 

Fe 

El. 

5 
C 

^1 
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TABLE  II. 
Tabig  qfMuU^Ueri  to  correct  the  Approximate  Heighijbr  the  Tempcr&lwre 

qf  the  Air. 


Tempen- 

tuieof 

the  Air. 

• 

MultipUer. 

Tempera- 
ture of 
the  Air. 

MnltipUer. 

Temperm- 
tiire  of 
the  Air. 

MnldpIlMr. 

32'» 

1-000 

52«» 

1-042 

ir 

1083 

33 

1-002 

53 

1044 

73 

1-085 

34 

1004 

54 

1-046 

74 

1-087 

35 

1-006 

55 

1*048 

75 

1-089 

36 

1008 

56 

1050 

76 

I-09I 

37 

1010 

57 

1-052 

77 

1-094 

38 

1012 

58 

1054 

78 

1096 

39 

1015 

59 

1056 

79 

1098 

40 

1017 

60 

1058 

80 

1-100 

41 

1-019 

61 

1-060 

81 

1*102 

42 

1021 

62 

1062 

82 

1104 

43 

1023 

63 

1-064 

83 

1106 

44 

1-025 

64 

1066 

84 

1-108 

45 

1027 

65 

1-069 

85 

MIO 

46 

1029 

66 

1071 

86 

1-112 

47 

1031 

67 

1073 

87 

1-114 

48 

1-033 

68 

1-075 

88 

1-116 

49 

1035 

69 

1077 

89 

1-118 

50 

1-037 

70 

1079 

90 

1121 

51 

1039 

71 

1081 

91 

1-123 

Enter  with  the  mean  temperatore  of  the  stratum  of  air  travened,  and  multiply  the 
approximate  height  by  the  number  opposite,  for  the  true  altitude. 

When  the  thermometer  has  been  boiled  at  the  foot  and  at  the  summit  of  a  moun- 
tain, nothing  more  is  necessary  than  to  deduct  the  number  in  the  column  of  fSeet 
opposite  the  boiling  point  below,  from  the  same  of  the  boiling  pdnt  above :  thii  gives 
an  approximate  height,  to  be  multiplied  by  the  number  opposite  the  mean  tempera- 
ture of  the  air  in  Table  II.,  for  the  correct  altitude. 

feet. 
Boiling  point  at  summit  of  Hill  Fort  of  Pdrundhur,  near  Pdna  204*8°  -  4027 
Boiling  point  at  Hay  Cottage,  Pdna 208*7    »  1690 

Approximate  height    2337 

Temperature  of  the  air  above 75* 

Ditto  ditto  below 83 


Mean,  79o  «  multiplier  .    1*098 


Correct  altitude  2566 

When  the  boiling  point  at  the  upper  station  alone  is  observed,  and  for  the  lower 
the  level  of  the  sea,  or  the  register  of  a  distinct  barometer  is  taken,  then  the  barome- 
tric reading  had  better  be  converted  into  feet,  by  the  usual  method  of  subtracting  its 
logarithm  from  1*47712  (log.  of  30  inches)  and  multiplying  by  *0006,  as  the  dlf- 
ferences  in  the  column  of  "  barometer  **  vary  more  rapidly  than  thoae  in  the  **Jket 
column. 


»» 
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£raiiifib.— DoiliDg  paint  it  upper  lUtion 

Btrometer  it  Calcutta  (at  32°)  2975  in. 
Logar.  diff.B  1-47712 -l"17349-D03£3x  0006  = 


Approiimate  height      ....    14330 
Temperature,  upper  itation,  76° 
Ditto 


'■;;£,"•""■  2?}«»—"«'p'"> 


1-100 


Correct  altitude    ....     15763 
Auumiog  30'00  iachei  ai  the  average  height  of  the  barometer  tt  the  level  of  the 
•ea  (which  ii  bowetet  too  much),  the  altitude  of  the  upper  Btstioa  is  at  ODCe  ol)taiDed 
bj  inapection  of  TaUe  I.,  correcting  for  temperature  of  tlie  gtratum  of  air  trarened 
t7  Table  II. 

HEUOBANDA    0J4    RAILWAY    LEVELLING.* 

The  drcnmitancei  which  may  influence  the  selection  of  the  route  to  be  followed  in 
the  constructioD  of  any  projected  line  of  railway  may  be  laiioui ;  but  in  general,  with 
a  due  regard  to  local  and  geological  consideratiool,  it  will  be  mainly  determiaed  &om 
the  linei  of  section  obtained  by  levelling  and  linear  measurement. 

As  a  meainre  preliminary  to  the  letectiou  of  trial  lines  of  section,  a  careful  and 
minute  reconnaiwance  of  the  country  to  be  traversed,  is  indispensable.  Where  maps 
to  full  in  detail  and  so  accurate  Id  representation  of  feature  as  the  Ordnance  maps  of 
Engiand  (Male  1  inch  to  a  mile)  are  procurable,  this  proceeding  is  greatly  facilitated ; 
and  according  to  the  amount  of  assistance  derivable  from  such  a  source,  so  will  the 
tedium  of  this  stage  of  operations  be  increased  or  diminished. 

The  watercoones  and  mountun  ranges,  or  ridges  in  more  level  countriei,  will 
necessarily  form  the  grand  guide  in  this  inspection.  Much  assistance  may  however 
be  derived,  especially  in  a  mountaiaona  country,  and  where  the  distance  between  the 
termini  of  theproposed  railway  is  considerable,  from  barometrical  measurementji+which 
may  frequently  render  it  unnecessary  to  make  trial  of  a  line  which  to  the  eye  might 
appear  to  be  within  the  limits  of  comparison;  and  even  possibly,  in  a  short  line,  might 
lead  to  the  determination  of  the  coarse  to  be  adopted,  without  farther  trial.  When 
the  barometer  it  thus  brought  into  requisition,  in  order  to  obtain  the  best  results,  a 
LJulained  willi  tliii  in 
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unnecessary  to  move  forward  the  second  barometer ;  biit  when  this  limit  is  exceeded, 
it  ought  to  be  brought  forward  at  the  completion  of  a  day's  work,  and  t  fresh  start 
for  the  next  day's  work  made  from  the  last  visited  point. 

Subjoined  is  the  form  of  field-book  recommended  for  barometrical  observations : — 


Dftteftnd 
Hour. 

No.  of 
SUtion. 

Reading 

of 

Barometer. 

• 

Thermometer. 

Deduced 

difference  of 

Level. 

Remarks. 

Attd. 

Det<«. 

The  lines  between  which  a  comparison  shall  be  instituted  having  been  decided  on, 
the  process  of  levelling  to  obtain  their  sections  is  now  to  be  proceeded  with. 

The  instruments  required  are,  a  levelling  instrument  (Troughton's  or  Gravatt's 
pattern  is  generally  preferred),  a  levelling  staff,  an  iron  tripod  rest,  and  a  100-feet  or 
Gunter's  chain.* 

It  is  essential  that  the  instruments  should  be  in  adjustment,  and  the  chain  correct, 
or  its  error  noted. 

Taking  then  one  of  the  lines  to  be  tried,  the  course  which  it  is  to  follow  having 
been  clearly  pointed  out,  and  a  first  portion  laid  out  straight,  or  it  may  be  curved,  the 
levelling  instrument  is  to  be  set  up  in  a  convenient  position  for  taking  the  back  and 
forward  sights,  and  a  general  point  of  reference  being  established  (which  should  be 
a  bench*mark  on  some  permanent  object),  the  levelling  staff  is  to  be  applied  to  the 
point  of  reference,  and  its  reading  noted  and  registered.  The  staflf  is  then  to  be 
moved  on  to  the  forward  station,  where  the  reading  being  noted,  and  the  distance 
measured  and  entered,  the  levelling  instrument  is  carried  forward ;  and  the  last  for- 
ward now  becoming  the  back  station,  the  process  is  repeated  until  the  section  is 
completed.  It  is  not  necessary  that  the  instrument  should  be  set  up  in  the  line  of 
section ;  it  is  generally  more  convenient  that  it  should  not  be  so ;  but  it  is  most 
desirable  that  it  should  be  as  nearly  as  possible  at  equal  distances  from  the  back  and 
forward  stations. 

In  taking  trial  sections,  it  is  to  be  observed,  that  minute  accuracy  in  noting  every 
trifling  undulation  would  be  a  mere  waste  of  time,  as  it  is  very  improbable  that  the 
centre  line  of  the  intended  railway  will  be  followed ;  and  a  deviation  of  bat  a  few 
feet  from  it  may  mkke  a  considerable  difference  in  the  levels.  The  levels  of  the 
crossings  of  all  roads  and  streams,  as  well  as  of  each  change  of  general  inclination, 
should  however  be  observed,  and  the  distances  of  the  points  apart  limited  to  the 
range  of  the  instrument,  about  5  chains,  beyond  which  the  liability  to  error  increases. 

The  following  is  the  form  of  field-book  recommended  for  trial  sections.  It  appears 
sufficiently  clear  to  render  explanation  unnecessary. 


*  Where  the  object  of  the  measurement  is  confined  to  obtaining  sectional  areas  and  content,  the 
100-feet  chain  is  much  the  most  convenient ;  but  where  superficial  areas  are  required,  Gunter's 
chain  is  preferable.  A  Table  of  Equivalents  will  be  found  very  useful  in  reducing  the  measurements, 
when  either  chain  is  used  for  both  purposes. 


BwlBR,« 

li««d 

Sigh-. 

"^ 

ABllTgr 

DiUUH, 

CUiu. 

HU*. 

F>U. 

fiuk. 

Poniud. 

150-00 

fiench-mirk  od  plinUi 

3-44 

e-72 

328 

146-52 

□fchnrcb:  N.E. 

S.K. 

&83 

513 

8-72 

3-S9 

151-65 

AurIc    uinmed    150 

25-030'' 

13-21 

9-50 

11-94 

2-44 

161-15 

feet   (bore    dttum 

1654 

7-63 

10-65 

3-02 

168-78 

le«eL 

1800 

8-11 

9-89 

1-78 

176-89 

18-36 

12-22 

14-32 

2-10 

189-11 

Centre  of  ro»d. 

23-10 

8-47 

11-66 

3-19 

197-58 

TopoflHUik. 

2900 

7-20 

9-78 

2-58 

204-78 

3659 

4-53 

7-24 

2-71 

209-31 

43-20 

6-33 

8-86 

2-53 

215-64 

44-00 

1-23 

11-53 

10-35 

205-34 

Crest  of  nuM. 

45-08 

0-98 

12-76 

n-78 

193-56 

Edge  of  brook. 

S.  by  E. 

45-90 

8-51 

12-76 

4-25 

18607 

Top  of  bank  of  brook. 

26715'' 

46-70 

2-10 

5-37 

3-27 

188-17 

6000 

335 

6-42 

3-07 

191-52 

59-33 

6-53 

8-25 

1-72 

19805 

G5-45 

6-33 

7-77 

1-44 

204-38 

70-00 

4-39 

6-39 

200 

208-77 

2-00 

3-11 

111 

207-66 

Bench-m»rk  m  gite- 

77-15 

608 

8-91 

283 

213-7* 

poit  >t  fork  of  Une. 

82-30 

4-72 

6-99 

127 

218-44 

85-45 

2-40 

5-80 

3-40 

21506 

90-50 

1-17 

a-29 

7-12 

207-94 

111-13 

16614 

92-00 

37-04 

3704 

92-00 

Trial  MCtioni  ma;  aln  be  mn  with  great  eipedition,  tad  with  coniidenble,  thon^ 
leu  acennejr,  by  me*D)  of  the  theodolite.  Though  it  is  dedrable  that  the  inttm- 
ment  thontd  be  in  good  working  order,  it  ii  eueotial  only  that  the  adjoitiDeiitaof  the 
line  of  collimadon  and  of  the  trannene  level  ihonld  be  perfect. 

The  method  of  proceeding  i),  to  let  the  initrumCDt  np  at  the  point  of  each  genenl 
change  of  inclination,  and  tetting  a  Tane  on  a  staff  to  the  height  of  the  loTelled  aiit 
of  the  telescope  (which  mij  be  made  constant),  to  send  it  forward  to  the  next  point 
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The  method  to  be  pareued,  and  the  form  of  field-book,  do  not  differ  from  those 
described  for  running  trial  sections ;  but  a  greater  d^ree  of  minutenen  is  required, 
and  bench-marks  should  be  established  as  often  as  fit  objects  and  positions  occnr 
for  making  them  on.  These  bench-marks  are  merely  horizontal  grooves  (in  this 
form  usually  "^  )  cut  in  some  permanent  object,  as  a  mile-stone,  the  masonry  of  a 
bridge  or  other  structure,  a  gate-post,  the  trunk  of  a  tree,  etc ;  and  their  purpose 
is  to  senre  as  a  basis  for  ulterior  operations,  or  for  testing  the  accuracy  of  the  work 
by  running  check  leyels.  In  running  check  levels  (and  generally  they  are  necessary), 
all  that  is  required  being  the  difference  of  heights,  the  distances  need  not  be  measured  3 
and  it  is  usual  to  pursue  the  most  convenient  route  in  connecting  the  bench-marks. 
Thus,  on  the  plan  (Plate  I.),  in  order  to  check  the  difference  of  level  between  the 
bench-marks  on  the  boundary  stone  at  C  and  on  the  building  at  B,  the  road  by  the 
point  A  would  be  followed. 

In  the  field-book  for  check  levels,  columns  for  the  back  and  forward  sights,  and  t 
column  for  remarks,  are  all  that  are  required. 

The  section  is  now  to  be  laid  down  on  the  plan  according  to  the  system  termed 
*'  Sectio-Planography,''  required  by  the  Standing  Orders  of  Parliament,  exhibiting  the 
several  cuttings  and  embankments ;  the  cuttings  being  above  and  the  embankments 
below  the  line  marking  the  centre  of  the  proposed  railway.  This  system  is  shown 
on  the  plan  (Plate  I.)  by  the  thin  dotted  line  a  a  a. 

A  Parliamentary  section  is  also  to  be  prepared,  the  scale  for  horizontal  distances 
being  required  to  be  not  less  than  4  inches  to  1  mile,  whilst  the  vertical  heights  must 
be  to  a  scale  not  less  than  100  feet  to  an  inch. 

In  the  plan  above  referred  to,  with  its  corresponding  sections,  the  scales  are  6 
inches  to  the  mile  for  the  horizontal  distances,  and  80  feet  to  1  inch  for  the  heights. 

It  is  also  required  that  a  line  shall  be  drawn  on  the  section,  representing  the  pro- 
posed upper  surface  of  the  rails ;  and  also  that  at  each  change  of  inclination  the 
height  in  feet  and  inches  above  a  given  datum  level  shall  be  marked ;  and  that  the 
rates  of  inclination  shall  likewise  be  shown.  These  points  will  be  made  dear  by  re- 
ference to  the  section  (Plate  I.). 

The  datum  level  generally  referred  to  in  this  country,  is  the  Trinity  high-water 
mark  at  London  Bridge ;  other  points  more  locally  convenient  may  be  referred  to, 
but  it  is  of  general  utility  that  all  should  be  reduced  to  the  same  standard  level. 

The  "  Standing  Orders  "  further  require  that  the  height  of  the  proposed  railway 
under  or  over  any  turnpike-road,  navigable  river,  canal,  or  other  railway,  shall  be 
marked  at  the  crossing ;  and  also  that  any  proposed  change  in  the  existing  surface 
level  of  the  river,  etc.,  shall  be  shown.    (See  Transverse  Section,  Plate  I.) 

Also,  that  where  tunnelling  is  substituted  for  cutting,  or  arching  for  embanking,  it 
shall  be  marked  on  plan  and  sections ;  and  also  that  no  deviation  firom  the  levels  on 
the  plan  approved  by  Parliament,  shall  be  permitted  to  exceed  in  any  place  5  feet  in 
open  country,  or  2  feet  in  passing  through  towns,  without  consent  of  the  owners, 
trustees,  or  commissioners,  as  the  case  may  be :  and  it  is  further  decreed  that  no 
increase  in  inclination  shall  be  made  in  any  place  to  an  extent  exceeding  3  feet  in 
1  mile. 

The  sanction  of  the  Legislature  for  the  construction  of  the  proposed  railway  having 
been  obtained, — prior  to  entering  upon  the  execution  of  the  works,  a  contract  or 
working  section  must  be  prepared.  For  this  purpose,  on  the  centre  line  accurately 
staked  out,  pickets  should  be  driven  in  at  each  chain's  length,  and  at  each  of  them, 
as  well  as  at  other  important  points,  the  height  of  the  gpround  obtained  by  levelling. 
These  pickets  should  all  be  numbered,  and  every  5th  or  10th  one  being  a  little  larger, 
may  conveniently  for  reference  be  painted  red,  the  others  being  painted  white.    Side- 


33S  LBTELtlNO. 

■Ukei,  ont  of  rMcb  of  distnrbmee  in  the  prt^irett  of  the  woriit,  iniy  ■Iw  be  driTCn 
ID  at  about  every  10  chaina,  and  the  level  of  a  cut  upon  each  being  noted,  will  be 
fonnd  very  lueftil  for  reference  after  the  brealung  of  the  gnannd. 

A  form  of  field-book  it  appended.  It  will  be  seen  on  refereoce  to  it,  that  generally 
■t  each  setting  Dp  of  the  initniment,  the  levels  at  levenl  pickets  may  be  obtained  ; 
and,  eieept  in  rapidly  falling  ground,  this  will  usually  be  the  ease.  Some  care  is 
neccMtry  in  setting  up  the  initrumeat  ndvanlagenuily,  to  effect  this ;  and  it  is  to  be 
remembered,  that  so  far  as  the  observatioas  extend  from  the  same  station,  the  reading 
of  the  last  forward  sight  is  to  be  entered  as  the  next  back  one. 

From  the  reduced  leveb,  the  working  section  is  to  be  laid  down,  the  total  hagfati 
ftotn  the  datum  line  being  employed  as  shown  in  Plate  II.  The  total  height  to  the 
Buifoce  of  the  groand  and  the  fixed  altitude  of  any  one  point  on  the  formation  level 
being  given,  and  the  distances  and  ratio  of  inclination  being  determined,  the  depth  of 
cutting  or  height  of  embankment  at  each  point  is  directly  and  simply  obtained. 

This  will  appear  clear  on  reference  to  the  section,  the  horizontal  scsle  for  which 
it  S  chains  to  I  inch,  and  the  vertical  30  feet  to  I  inch,  which  will  be  genenlly 
fonnd  sofficiently  lai^  for  all  purposes. 

In  connection  with  railway  levelling  is  the  setting  out  the  side  widths.  When  the 
gnmiul  does  not  fall  transversely  to  the  line,  this  is  a  very  simple  operation, — the  half 
vridth  of  the  railway  4-  the  depth  of  cutting  or  height  of  embankment,  multiplied  by 
the  ratio  of  their  slope*,  ginng  the  distance  to  be  set  out  from  the  centre  line  :  when 
it  does  fall  transversely,  the  degree  of  slope  may  be  obtained  when  getting  the  centre 
levels,  and  entered  in  columns  prepared  for  it  in  the  field-book  (see  form  of  field- 
book).  It  will  be  necessary,  however,  that  the  side  levels  should  be  taken  at  some 
constant  distancs,  say  SO  or  any  other  convenient  number  of  feet.  The  half-vridth 
may  then  be  calculated  from  the  formula 


Vr|»+  (U  +  Cr)'  x(c  +  -) 


C  o  depth  of  cutting  or  height  of  embankment. 
B  -  half  width  of  railway, 
r  =  ratio  of  slopes. 
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Form  qf  Field-Book  fitr  Working  Seetiona. 

in 
Chains. 

Riae« 

SighU. 

FaU. 

Reduced 
Leyela. 

TraniTene  Levels. 

Bark. 

Forward. 

I^. 

Bight. 

Remarks. 

1 

i 

115-73 

Level  of  bench- mark 

4-09 

7-31 

3-22 

119-82 

on  B.S.  above 

0 

3-41 

6-31 

2-90 

116-92 

datum  level. 

1 

6-31 

7-90 

1-59 

115-33 

1-33 

8-70 

10-57 

1-87 

113-46 

On  edge  of  road. 

1-75 

10-57 

12-42 

1-85 

111-61 

Do.        do. 

2 

0-71 

5-23 

4-62 

10709 

3 

5-23 

8-15 

2-92 

104-17 

7-32 

1011 

4 

815 

10-98 

2-83 

101-34 

5-53 

11-98 

1410 

2-12 

99-22 

Top  of  bank. 

6 

1-36 

9-17 

7-82 

100-57 

6-92 

2-27 

7-82 

5-55 

102-84 

Bank  of  brook. 

7 

4-40 

5-55 

115 

• 

107-24 

Bottom  of  do. 

8 

3-94 

8-15 

4-21 

11118 

9 

7-85 

11-32 

3-47 

11903 

1-75 

4-84 

10 

5-41 

10-19 

4-78 

124-44 

11 

3-40 

9-37 

6-97 

127-84 

At  foot  of  elm-tree 

12 

5-32 

8-54 

3-22 

13316 

in  hedge. 

13 

5-18 

9-29 

4-11 

138-34 

14 

4-05 

10-51 

6-46 

142-39 

7-22 

5-55 

Top  of  bank  3  feet 

15 

302 

6-61 

3-59 

145-41 

high. 

16 

2-61 

3-59 

0-98 

14802 

16-45 

2-56 

4-77 

2-21 

145-81 

Crest  <^  ridge. 

17 

4-77 

6-53 

1-76 

144-05 

18 

6-53 

12-47 

5-94 

13811 

18-31 

1-86 

6-77 

4-91 

133-20 

19 

3-67 

6-77 

3-10 

136-87 

Bottom  of  diteh. 

19-27 

310 

4-66 

1-56 

135-31 

19-43 

4-66 

6-83 

217 

13314 

B.  M.  on  mile- 

26 

stone,  215 
links  to  east- 

56-56 

192-73 

175-32 

3915 

39-15 

175-32 

1 

ward. 

17-41 

17-41 

Form  of  Note-Book  for  Setting  out  Side  Widths, 


No.  of 
Picket. 

Depth  of 
Cutting,  or 

Halfof 
Embank- 
ment. 

Computed 

Half 

Width. 

Transverse  I^evel 
Readings. 

Difference  of 
Level. 

+ 

Difference  of 

Level  X  ratio 

of  Slope. 

Corrected 
Half  Width. 

Left. 

Centre. 

Right. 

I^t. 

Right, 

Left. 

Right. 

Left. 

Right. 
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LIME,  ITS  PROPERTIES,  USKS,  AND  HANttFACTVRE.* — It  »  not  in- 
tended to  enter  into  i  cbernie*!  inveatigation  of  the  okture  tod  propertiea  of  lime ; 
but  ts  a  knowledge  of  tbe  leading  prinaplei  a  lo  neceuaiy  to  a  perfect  undentaud- 
iug  of  the  Bnbject,  we  detail  such  facta  aa  we  deem  most  a»ful.  endeaiouring  at  the 
tame  time  to  render  them  aa  pltio  and  intelligible  ta  potsible. 

LilDC  it  prepared  for  the  purpous  of  boilding,  b;  calcining  or  bnniing  with  a  red 
heat,  in  a  kiln  proper);  formed,  such  substtDcet  u  chalk  and  moat  of  the  Taiietiet  of 
limeitone  and  marble. 

The  whole  of  tbeie  sabsttncei  in  the  naturtl  tCate,  whether  chalk,  atone,  or  mar- 
ble, are  called  limettone.  The  flied  air  which  this  contain!  ia  termed  iMrionie  acid, 
■nd  tbe  lime  that  it  naed  in  building  must  be  depriTcd  of  itt  fixed  air  by  being 
bomed.  Thua  tbe  perfection  of  lime  prepared  for  building  parpoiea  conaisls  prin- 
dptllj  in  being  deprived  of  itt  carbonic  acid,  moat  of  which  ia  earned  off,  during  the 
proceaa  of  calcination,  in  (he  form  of  gas  DT  tteam. 

It  WM  the  opinion  of  the  ancienta,  and  ia  nill  partiallj  received  among  onr  modem 
hnildera,  that  the  hardeit  limeitone  fumiabea  tbe  beat  lime  for  mortar;  bat  eiperi- 
menta  ha>e  proved  it  to  be  a  miitake,  and  that  the  lofteit  chalk-lime,  if  thorough!; 
bomed,  ia  equall;  durable  with  the  hardeat  itonC',  oreren  maihle-lime.  But  allhOD|^ 
atone  and  chalk-lime  are  equall;  good  under  thta  condition,  there  is  a  vei;  important 
prtctictl  difference  between  them,  which  ia  tbia :  tbe  chalk-lime  absoibi  ctibonic  acid 
with  much  gretler  tTidit;,  which  reduces  it  to  powder,  and  if  it  be  only  partially 
bnmed,  it  will,  on  the  application  of  water,  fall  into  a  coute  powder  alao,  which 
itone-lime  will  not  do. 

Limeitone  loaea  nearly  half  itt  wdght  by  burning ;  and  if  properly  burned,  it  is 
more  tbu  doubled  in  quantity  or  bulk  when  tlaei«d,  that  ia,  when  reduced  to  powder 
b;  pouring  water  upon  it. 

For  making  mortar,  the  lime  should  be  oaed  aa  soon  as  poaaible  after  being  taken 
from  the  kiln  ;  for  if  left  long  after  eipoaed  to  the  air,  it  will  separate,  flrtt  into  amalt 
lumpt,  then  into  a  fine  powder,  and  in  tbia  tttle  will  make  but  a  very  inferior  mortar, 
becMile  it  baa  already  again  absorbed  at  much  carbonic  add  at  it  can  ponibly 
contain,  and  consequently,  when  made  up  into  mortar,  it  hut  not  Ibe  p> 
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snap,  and  steam  will  beg;iii  to  issue  from  it ;  cover  the  heap  over  with  clean  sharp 
sand,  say  three  bushels,  taken  from  the  bed  of  a  running  stream,  or  washed  in  dear 
water  through  a  sieve,  which  will  confine  the  steam  and  heat;  proceed  in  like 
manner  with  the  remainder,  and  then  let  it  rest  for  a  time.  In  this  state  it  generates 
a  powerful  heat,  which  it  keeps  up  long  enough  to  cook  a  joint  of  meat  by.  This 
method  of  cooking  is  sometimes  resorted  to  by  workmen  when  the  heap  is  large,  in 
which  case  they  enclose  the  meat  in  a  tin  box  or  a  cloth,  to  keep  it  clean ;  and 
although  the  heat  is  not  of  an  inflammable  nature,  it  may  be  made  to  communicate 
fire  to  wood  or  other  light  substances,  through  the  agency  of  iron :  thus  a  quantity 
of  quick-lime  being  slacked  and  turned  up  against  a  boarded  fence  or  building,  will 
set  fire  to  the  same  through  the  agency  of  the  nails,  which  will  be  rendered  red-hot, 
or  nearly  so,  by  the  heat  of  the  lime.  During  this  time,  the  decomposition  of  the 
lime  is  going  on  :  when  it  is  completed,  the  heat  begins  to  subside,  and  the  lime  is 
reduced  to  an  impalpable  powder,  and  is  in  this  state  called  slaeked-Hme.  It  is  then 
turned  over  with  a  shovel  so  as  to  mix  the  lime  and  sand  weU  together,  and  sifted  or 
screened :  the  parts  left  behind,  being  pieces  of  limestone  which  have  passed  through 
the  kiln  unbumt,  or  partially  so,  are  called  lime-eore,  and  should  be  thrown  aside. 
If  a  superior  mortar  is  required,  it  is  afterwards  beaten  with  a  wooden  beater  upon 
the  stone  floor.  When  it  is  required  for  plastering,  a  quantity  of  hair  from  the  hides 
of  bullocks  is  stirred  in  and  mixed  with  the  mortar,  by  means  of  a  double-pronged 
hook,  like  a  hay-fork,  with  the  tines  or  prongs  turned  downwards. 

The  hardness  which  good  mortar  attains  soon  after  being  used,  is  said  to  be  the 
effect  of  crystallization. 

Shells  are  sometimes  calcined,  and  affbrd  a  lime  which  will  make  a  very  good 
mortar.  Mortar  made  of  this  lime  tett,  or  becomes  hard,  quicker  than  that  made  of 
common  limestone. 

Lime-kilns  are  built  of  different  forms  or  shapes,  according  to  the  manner  in 
which  they  are  to  be^/nrought,  and  the  kinds  of  fuel  to  be  employed. 

The  rudest  and  most  ancient  kind  of  lime-kiln  is  probably  that  made  by  excavating 
the  earth  in  the  form  of  a  cone,  of  the  size  required,  and  afterwards  building  up  the 
sides,  or  not,  according  to  the  circumstances  of  the  case.  The  materials  being  then 
laid  in  alternate  layers  of  fuel  and  limestone,  properly  broken,  till  the  whole  is  filled 
op,  the  top  is  covered  with  sods  (thence  termed  a  sod-kiln)  in  order  that  the  heat 
may  be  prevented  from  escaping,  and  the  fire  lighted  at  the  bottom.  The  whole  of 
the  contents  are  burnt  in  a  greater  or  less  space  of  time,  in  proportion  to  the  nature 
of  the  limestone  and  fuel,  and  the  quantity  that  is  contained  in  the  kiln.  When  the 
contents  are  cold,  the  lime  is  drawn  or  taken  out  from  the  bottom,  and  the  kiln  is 
filled  again,  if  necessary.  Burning  in  this  way,  although  it  may  be  found  most 
convenient  in  some  situations,  where  lime  is  only  occasionally  wanted,  and  in  small 
quantities,  is  not  to  be  recommended  when  other  means  can  be  adopted,  as  it  is  both 
tedious  and  uneconomical. 

Where  lime  is  much  wanted,  they  therefore  use  perpetual  or  draw-kibu  built 
of  stone  or  brick ;  the  latter  is  preferable,  as  being  better  adapted  for  standing 
an  excessive  degree  of  heat. 

Burning  with  peat  is  sometimes  practised,  and,  considering  the  rude  and  ill- 
constructed  kilns  which  are  used  for  the  purpose,  it  is  astonishing  with  what  success 
the  operation  is  performed.  It  is  stated  that  limestone  is  sufficiently  calcined  by 
placing  it,  with  alternate  layers  of  peat,  in  kilns  formed  of  turf;  but  owing  to  the 
quantity  of  ashes  which  fall  from  the  peat,  the  quality  of  the  lime  is  considerably  de- 
teriorated, and,  from  the  open  and  exposed  situation  of  most  of  them,  the  waste  of 
fuel  is  immense. 
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An  econonictl  method  ia  prictiKd  with  effect  in  minj  puts  of  the  coniitrj  which 
■re  )itu>ted  Ui  great  diatance  from  coal,  ia  kilna  aoinewbatdaiilar  to  thebrick-kUn 
lod,  from  foraeaod  aimilar  fuel  being  naed  in  them,  caUed^mt-iiJiu.  Thewiilaare 
hnUt  of  brick,  and  *honld  not  be  lea*  than  from  4  to  5  feet  thick  when  not  roppoTted 
b;  ■  nuMiid  or  bank  of  earth,  and  built  battering  or  diuiaiahiag  upward! :  the  dintn- 
aioiiiiiuide,13  feet  bf  12  feet,Badl2feet  high,  or  thereabout!.  Id  the  front  wall  there 
are  three  arehet,  each  about  1  foot  10  inchea  wide 
and  3  feet  9  inche*  high.  When  the  kiln  ii  to 
Oiled,  three  arehe!  ire  farmed  of  the  Urgett  piece* 
of  iimeatane,  with  one  end  adjoining  and  open  to 
the  archei  in  the  front  wall,  and  running  the  whole 
length  of  the  kiln  to  the  opposite  ude.  When 
theae  arcbea  are  formed,  the  1im*!lone  is  thrown 
promiieiiouilf  into  the  kiln  ibove  the  arche*,  to  the 
height  of  7  or  8  feet,  orer  which  are  frequently  laid 
15,000  or  20,000  bricka,  which  are  burned  at  the 
tame  time  with  the  limeatone.  When  the  Sllipg  of 
the  Idln  ia  completed,  the  three  archea  in  tbe  front 
wall  are  filled  up  with  bricks  almost  to  tbe  top, 
room  being  left  in  each  sufficient  only  for  putting 
in  the  furze,  or  other  fuel,  whicii  is  done  in  MnaU 
qoantilie*,  the  object  being  to  keep  up  a  conitant 
and  regular  flame.  In  the  apace  of  about  forty 
boon,  tbe  whole  of  the  limeatone,  about  120  or 
130  qoirten,  together  with  15,000  or  20,000 
bricka,  are  thoroughly  burned. 

We  need  not  repeat  tbe  caution  respecting  tbe 
thoroughly  drying  the  walla  of  such  kilna  by  a  con- 
tinued and  gentle  heal,  before  the  full  heat  ia  em- 
ployed in  them. 

The  form  of  lime-kiln  found  moftt  adTantageoui 
is  that  of  an  inTerted  cone. 

We  here  give  a  section  (Gg.  1)  and  plan  (fig.  2) 
if  thii  description,  which  ■■  built  of 
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beiBg  kept  in  the  chamber,  as  it  is  not  drawn  till  the  cart  arrives  to  take  it  away. 
When  the  situation  of  the  kiln  will  not  allow  of  the  ground  being  sloped  down 
to  the  door  of  the  kiln,  steps  are  formed  part  of  the  way  ap,  and  a  wing-wall 
is  bttilt  on  each  side,  to  keep  up  the  ground.  As  soon  as  the  mortar  is  set,  the 
ground  should  be  filled  in,  and  well  rammed  up  to  the  sides  of  the  kiln  as  the  work 
proceeds. 

In  describing  the  way  in  which  the  process  of  burning  is  carried  on,  we  would  be 
understood  as  speaking  more  particularly  of  the  lime  made  from  chalk,  although  our 
remarks  will  in  most  cases  apply  to  stone-lime  also. 

The  chalk  for  making  lime  is  dug  from  a  bank  or  cliff,  or  in  a  pit  sunk  through 
the  upper  strata  in  the  earth,  whence  it  is  drawn  up  in  buckets  by  means  of  an  axle 
and  wheel ;  the  latter  method  being  in  general  attended  with  moat  trouble.  The 
large  lumps  are  brought  in  barrows  or  baskets,  and  laid  in  heaps  round  the  kiln. 
The  Ume-bumeTf  having  in  his  right  hand  an  instrument  like  a  small  pick-axe, 
beginning  at  the  end  of  one  of  the  heaps,  chops  the  lumps  into  the  requisite  size, 
(about  the  size  of  a  man's  fist,)  and  sitting  across  that  which  is  already  chopped,  he 
continues  chopping,  drawing  it  towards  him,  and  advancing  till  he  gets  to  the  end  of 
it.  If  there  be  much  small  chalk,  as  is  sometimes  the  case,  it  is  separated  by  sifting, 
and  thrown  aside.  Supposing  the  fire  to  have  been  extinguished,  he  proceeds  to 
light  it  by  laying  a  quantity  of  wood  and  large  coal  at  the  bottom  of  the  kiln ;  over 
this  is  hiid  a  layer  of  limestone,  and  then  another  of  small  coal ;  fire  is  then  put  to 
the  fuel,  and  another  layer  of  chalk  added :  when  the  fuel  in  the  lower  part  of  the 
kiln  is  neariy  consumed,  a  hollow  space  is  formed  below,  and  the  surface  is  united  or 
caked  together,  till  the  Hme-bumer  breaks  it  up  with  a  large  poker  made  of  wood, 
and  pointed  with  iron,  like  a  pike,  and  long  enough  to  enable  him  to  reach  the  bot- 
tom of  the  kiln  with,  when  standing  upon  the  top. 

As  to  the  lime  hanging  to  the  sides  of  the  kiln,  it  ^ill  be  supposed  that  the  sur- 
face of  the  kiln,  after  being  exposed  for  some  time  to  a  continual  red  heat,  will  not 
be  very  smooth ;  on  the  contrary,  it  is  thereby  rendered  very  uneven,  and  the  coal 
lying  in  contact  with  it  in  the  course  of  its  decomposition  by  the  fire,  unites  itself 
and  hangs  to  this  rough  surface  as  it  would  to  any  other  of  a  similar  material,  vrith- 
out  reference  to  its  form  or  shape.  It  is  to  prevent  the  ill  effects  which  might  ensue 
from  this  circumstance,  as  well  as  to  give  full  effect  to  the  fire,  that  the  lime-burner 
is  provided  with  his  long  poker  ;  and  if  he  make  proper  use  of  it  by  breaking  up  the 
surface  of  the  mass,  and  disengaging  it  round  the  sides  occasionally,  as  well  as  before 
drawing  off  the  lime,  the  object  will  be  fully  answered. 

When  the  lime  is  thoroughly  burned,  it  drops  down  into  the  bottom  of  the  kiln ; 
and  when  a  sufficient  quantity  is  there  collected,  the  grating  is  removed  from  one  or 
other  of  the  draught-holes,  through  which  the  lime  rolls  and  falls  upon  the  floor  of  the 
chamber,  and  the  grating  is  returned  to  its  place.  Every  time  after  breaking  up  the 
surface  of  the  limestone  in  the  kiln,  a  thin  layer  of  small  coal  is  strewed  over  the 
surface,  then  another  layer  of  limestone,  and  so  on ;  the  number  of  layers  and 
quantity  in  each  being  regulated  by  the  quantity  of  lime  in  demand  in  a  kiln  of  the 
above  dimensions :  this  may  vary  from  10  to  140  bushels  per  day,  but  if  it  be  ever  so 
trifling,  it  is  advisable  to  keep  the  fire  always  in,  if  possible,  as  when  it  is  once  let 
out,  it  is  not  properly  got  up  again  without  a  great  loss  of  time  and  fuel. 

A  kiln  of  this  description  produced  lime  of  a  very  good  quality,  and  fit  for  any  of 
the  ordinary  purposes  of  building,  on  an  average  of  400  bushels  per  week,  and  at  the 
rate  of  three  and  a  half  bushels  of  lime  to  one  of  small  coal :  the  fire  was  never  let 
out  but  once  a  year, — that  in  the  midst  of  winter,  for  about  &  week,  and  not  even  then 
when  ther«  was  the  least  demand  for  lime,  which  happened  to  be  the  case  in  two  or 
three  instances. 
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In  bnniidg,  it  i*  atetunj  to  keep  the  fire  ap  *t  •  regular  red  best,  ind  not  to 
make  it  too  powerfnl.or  it  will  ciiuetbe  lime  to  vitrify,  indthe  surface  of  the  lump* 
being  thereb;  coiered  witli  a  glazed  coating,  will  be  rendered  naeleai. 

The  coal*  uaed  ii  imall,  almoit  duit,  snd  patied  through  a  icreen  lo  gite  it  oni- 
fonnitf,  ■  aheri  abould  be  proTJded  lor  it,  to  keep  it  dry,  and  u  near  the  kiln  ai  may 
be  found  convenient.  If  a  abed,  or  aome  aucb  shelter,  were  erected  for  the  limeitone 
also,  it  woald  be  foand  advantageous:  for  when  taken  from  the  pit,  even  in  the 
dryest  weather,  it  contains  aome  moiatnre,  but  in  rainy  aeasons,  in  conieqnence  of 
lying  round  the  kiln  in  small  heaps,  it  is  often  completely  saturated  with  wet  be(br« 
it  is  put  in  the  kiln,  which  causes  an  otherwise  unnecessary  quantity  of  fuel  to  be 
expended  upon  it.  Breeze,  such  u  is  used  for  burning  clamp -bricks,  it  also,  b; 
tome,  nted  in  boming  lime,  either  alone,  or  loiied  with  amall  coal. 

CAPTAIN  bcott's  cement. 

A  new  principle  in  the  formation  of  cement  bu  lately  been  applied  by  Captain 
Scott,  R.E.,  viz.  tbat  of  producing  one  of  hydianlic  properties  by  "  inbjecting  lime 
in  a  heated  state  to  the  action  of  tulphurona  acid."    In  deicribing  it  he  says : — 

"  In  carrying  out  this  process  the  following  method  is  at  present  practised ;  quick- 
lime,  prepared  in  any  of  the  ordinary  melhodi,  ia  placed  on  a  perforated  arched  floor 
in  a  layer  3  feet  deep,  having  beneath  it  afire-place  I  foot  broad,  with  cheeks  sloiung 
outwards  to  the  full  width  of  the  kiln,  andeitendiogthroughontiti  whole  length.  The 
(Ire-bart  are  1  fuot  3  inches  from  the  graund.'and  the  perforated  Sre-brick  arch  con. 
titts  of  two  41-inch  ringt,  3  feet  6  incliei  above  them.  Thewhole  it  covered  in  with 
a  9-inch  temicircular  arch,  springing  2  feet  6  inches  above  the  perfbiated  floor. 

"  At  the  end  of  the  kiln  furiheit  from  the  fire-door,  is  a  hatch  or  opening  2  feet 
6  inches  wide  and  4  feet  bigh,  for  charging  and  drawing.  This  is  closed  dniing  the 
procsaa  with  a  double  wall  of  bricks,  having  an  intermediate  apace  of  a  (ew  inches 
filled  with  lime  dust.  The  chimney  it  over  the  hatch,  and  it  raised  about  1  foot  above 
the  outer  ring  of  the  temicircular  arch  which  fonnl  the  roof.  The  kiln  it  G  feet 
long  and  2  feet  S  inches  broad,  and  therefore  in  a  depth  of  3  feet  contains  3  cubic 
yards  of  hme.  The  kilns  which  the  roanaftctnren  propose  to  erect  (that  above  de- 
scribed being  iDtended  for  eiperimental  purposes  only)  will  be  about  23  feet  long 
and  10  feel  wide,  with  four  fire-places,  two  at  either  end,  separated  by  a  wall  of  brick 
exteniling  to  the  height  of  the  peifonlcd  floor.  In  otherrespects  they  will  diflte  little 
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Inttruetiont  for  U$e. 

*'  The  cement  must  be  kept  dry  and  protected  from  the  air.  Uae  3,  4,  or  5  parts 
of  sand  to  one  of  cement,  for  rendering,  and  3  of  sand,  or  less,  to  one  of  cement  for 
finishing,  according  to  the  work  required.  The  sand  to  be  dean  and  sharp,  and  for 
the  rendering  coat  coarse. 

"  The  surface  to  which  it  is  to  be  applied  must  be  well  wetted,  particularly  if  the 
brickwork  be  old.  If  this  precaution  be  not  attended  to,  the  cement  is  robbed  of  the 
water  which  is  necessary  to  its  becoming  a  solid  mass,  and  crumbles  from  the  wall. 
The  effect  will  occur  within  one  or  two  days. 

"  In  summertime,  if  exposed  to  the  sun,  the  eement  should  be  occasionally  wetted 
for  a  day  or  two,  to  prevent  a  too  rapid  desiccation,  which  detracts  from  the  hardness 
it  is  otherwise  capable  of  assuming. 

"  If  used  for  moulding  (when  1  or  2  parts  of  sand  to  1  of  cement  may  be  em- 
ployed), the  cast  must  be  well  wetted,  or,  still  better,  immersed  in  water  for  an  hour 
or  two,  before  it  has  become  thoroughly  dry.  For  mortar,  use  3  or  4  parts  of  sand 
to  1  of  cement.    For  concrete,  treat  it  like  ground  Lias  Lime." 

LOOPHOLE.* — The  term  "  loophole"  is  understood  to  denote  the  opening  in  a 
masonry  wall  or  stockade,  for  the  use  of  musketry,  as  an  embrasure  is  for  that  of 
artillery. 

The  nearly  uniform  dimensions  of  all  infantry  muskets  of  the  present  day,  and  a 
due  attention  to  economy  and  convenience  in  building,  have  reduced  the  form  of  the 
loophole  to  two  or  three  conditions,  adapted  to  suit  the  purposes  of  defence. 

It  is  usual  to  distinguish  these  by  the  direction  of  the  exterior  opening.  Thus  we 
call  the  loophole  vertical  or  horizontal,  according  as  the  exterior  opening  is  upright 
or  the  contrary. 

The  vertical  construction  is  best  adapted  for  sites  where  great  vertical  range  is 
required,  such  as  for  the  flanking  of  high  scarps,  or  steep  slopes,  etc 

Under  all  other  circumstances,  the  horizontal  loophole  will  be  found  most  effective 
and  most  convenient.f  It  affords  greater  advantages  for  defence,  because,  vnth  great 
lateral  extent,  it  combines  sufficient  vertical  range  to  include  the  height  of  a  man, 
which,  under  ordinary  circumstances,  is  all  that  will  be  required. 

The  interior  opening  of  the  loophole  can  be  of  the  same  form  in  both  these  con- 
ditions:  for  a  man  to  use  his  musket  conveniently,  it  should  not  be  less  than  2  feet 
wide  and  1  foot  6  inches  high.  Vertical  loops  are  seldom  constructed  for  more 
than  one  man  to  serve  at  a  time ;  and  in  brick  walls  they  are  placed  with  their 
centres  not  less  than  3  feet  apart.  Horizontal  loops,  on  the  contrary,  can  be  con- 
structed to  contain  two  or  even  three  men,  the  interior  opening  having  an  increase 
of  not  less  than  2  feet  per  man. 

The  extent  of  the  exterior  opening  depends  upon  the  range  required,  but  its  width 
should  not  exceed  3  inches,  and  the  hole  at  the  exterior  should  be  at  least  7  or  8  feet 
above  the  level  of  the  ground  at  the  outside,  to  prevent  the  loop  being  marked  or 
fired  into. 

The  length  of  barrel  of  a  musket  in  our  Service  is  about  3  feet  3  inches.  As  it 
is  necessary  that  the  muzzle  should  extend  3  inches  outside  of  the  loop,  to  pre- 

*  By  the  late  Colonel  Tylden,  Royal  Engineen. 

t  We  do  not  concur ;  we  conceive  that  the  vertical  loophole  facilitates  the  command  of  the 
ground  in  front,  and  enables  the  soldier  to  deliver  his  fire  with  greater  ease.  In  galleries  for  reverse 
fire  and  caponni^s  to  flank  the  ditches,  the  horixontal  loophole  may  be  preferable. — Ediion. 


302* 


e  from  the  eiptoiiaa,  it  ii  erident  tbKt  Ihe  ordiii«r;  form  of  loop 
wall  of  ■  gnttei  thicliDeu  than  2  feet  6  iucbea,  or  at  moat  3  feet. 

When  thia  dimenaion  ii  increaaed,  it  becomei  neceaaary  to  make  a  correipoDdiiig 
modiacatioD  in  the  arrangement  of  the  loop. 

Let  iia  take  3  feet  aa  a  conTenient  thickneaa  Kg.  I. 

of  wall,  and  construct  the  loop  either  vertical  or 
boritontal,  at  before  deicribed. 

Then,  for  any  additional  exterior  tbickDe:i>  of 
wall  op  to  a  or  6  feet,  the  lidea  of  the  loop  can 
be  fanned  in  lucceuive  counei  of  bricki,  a*  de- 
Kribed  in  the  late  Lieutenact-Colonel  Alder- 
aon'a  Memorandum  in  the  eighth  volume  of  the 
'  Profeiuonal  P^n,'  which  is  giien  at  length 
in  thii  Article. 

But  when  the  tbickneaa  of  wall  eiceedi 
6  feet,  thii  method  will  be  found  inconTCnient, 
on  account  of  tbe  great  increase  to  the  exterior  opening;  and  in  this  case  it  ia 
nautU  to  form  an  arched  receu  io  the  interior,  of  whaterer  additional  depth  it  required 
to  make  up  the  Ihickneaa  of  wall. 

The  recett  may  be  made  to  contain  three  or  fonr  loops,  at  may  be  ct 
if  the  pien  and  arch  be  carried  f^E-S. 

through  lo  the  exterior,  the 
formation  of  the  recna  doei 
not  BO  much  tend  to  weaken 
the  wall. 

The  following  excellent 
method  of  forming  horiranlal 
loop*  in  brick-work  baa  been  luggetted  bjr  Lieutenant- Colonel  Alder«on,  R.E. 

"  HoriioDtal  loopholes  preaent  a  much  wider  range  of  fire  than  vertical  onea,  for 
the  apace  eipoied ;  and  in  boundary  naUa,  defeaiible  barrackt  and  gaard-houtcs, 
reveree  Area,  and  caponnieret,  are  decidedly  preferable. 

"  The  preaent  horizontal  loophole  ia  a  cast  iron  frame,  built  into  the  wall  ao  u  lo 
weaken  it  ai  little  at  possible.    It  it  adapted  for  a  wall  three  bricka  thick. 
;  ndopleil  in  vinlli  of  nny  Ibic 
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**  Six  feet  it  the  length  of  the  larger  opening  of  the  present  loophole  firtme,  which 
may  be  considered  as  a  maximum,  to  be  reduced  according  to  circumstances.  In 
towers  or  other  works  situated  on  high  and  commanding  points  with  no  level  ground 
within  range,  the  section  described  by  fig.  i,  Plate  I.,  is  recommended. 

"  These  loopholes,  though  here  represented  of  cast  iron,  may  also  be  made  of  slate, 
or  hard  stone.'' 

The  above  observations  are  chiefly  applicable  to  the  loophole  when  formed  in 
brick ;  but  when  the  wall  is  of  stone,  or  the  loophole  itself  set  in  stone  in  a  brick 
-wall,  we  are  enabled,  by  a  modified  arrangement  in  the  sides  of  the  loop,  to  give  much 
greater  security  to  the  defenders  without  entailing  a  great  increase  of  expense. 
3.  a  b  e  d  is  2i  loophole  to  be  served  by  two  men,  and  requiring  a  hori^ntal  range 
of  120^.  A  length  of  six  feet  for  the  interior  opening  will  afford  ample  space  for 
two  men  to  serve  at  once.  The  thickness  of  wall  is  taken  at  3  feet,  and  if  the  lines 
limiting  the  lateral  range  be  produced,  they  will  give  an  exterior  opening  of  about 
4  feet  6  inches. 

It  will  now  appear  that  if  the  lines  a  c — b  d  were  to  form  the  sides  of  the  loop,  the 
greatest  protection  will  eusue  to  the  defender  when  the  opening  at  e  is  as  small  as 
possible. 

It  is  necessary,  however,  that  both  men  should  be  enabled,  if  required,  to  fire 
direct  to  the  front;  and  a  due  regard  to  light  aud  ventilation  will  not  allow  of  this 
opening  having  a  less  length  than  2  feet,  so  that  the  vertical  area  of  the  opening  at 
this  point  will  be  about  2  feet  by  1 1  inches  high. 

To  ensure  resistance  against  a  musket-ball,  and  to  give  proper  strength  to  the  side 
of  the  loop  where  a  soft  stone  is  used,  the  thickness  /  g  should  not  be  less  than  6 
inches,  though  it  will  be  of  advantage  to  diminish  this  dimension  whenever  a  harder 
material  will  allow  of  it. 

The  sides  g  b — h  c  forming  portions  of  the  lines  limiting  the  lateral  range  of  the 
loops,  the  lines  kf—l  i  are  directed  on  the  angles  h  and  ^,  and  lines  drawn  from 
a  and  ^,  to  intersect  them  at  k  and  /,  and  forming*an  angle  of  40''  with  af  and  d  f , 
it  being  assumed  that  a  bullet  will  not  effectually  refiect  from  a  wall  at  a  greater 
angle. 

On  examining  this  construction  it  will  be  evident  that  no  bullet  can  possibly 
reflect  into  the  interior  after  striking  the  side  of  the  loop,  except  upon  the  small 
portions /jT,  h  i;  and  that  while  the  rauge  of  120<^  is  preserved,  the  vertical  space 
through  which  a  bullet  must  pass  to  enter  the  interior  is  only  2  feet  long  by  3  inches 
high.* 

A  construction  something  similar  to  that  just  descrilied  will  be  found  in  a  Paper  by 
Lieutenant-Colonel  Ord,  in  the  eighth  volume  of  the  *  Professional  Papers,'  and  draw- 
ings of  which  are  given  in  Plate  III.  figs.  1,  2,  and  3. 

"  Figs.  1  and  2  represent  a  simple  horizontal  loophole  for  two  men  to  fire  through. 
They  should  be,  when  practicable,  made  of  cut  stone  throughout :  if  of  brickwork, 
the  head  should  be  arched,  as  shown  by  dotted  lines  in  fig.  4,  the  sides  of  common 
brick,  and  the  holes  of  good  hard  Dutch  clinkers  or  fire-bricks  (when  manufactured 
of  a  hard  nature),  and  set  in  cement. 

"  All  the  four  sides  have  one  break  on  return,  offering  an  important  obstacle  to 
balls  from  without,  whether  from  a  direct  fire,  or  after  having  been  reflected  from 
some  other  object. 


nds. 


*  The  dimensions  in  the  diagrani  are  merely  assumed  to  illustrate  the  principle,  which  it  appli- 
cable to  any  variation  either  in  the  thickness  of  wall  or  sice  of  loop.— R.  T. 
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"  The  ligugtd  loophole  (fig.  3)  !■  ■  plan  Ihit  miy  be  ulopted  with  great  ad- 
Tuitage,  where  it  ii  deiinble,  or  e* en  conrenient,  to  h*Te  the  moath  of  the  loophole 
toward!  the  enemr,  and  which,  in  coniequence  ot  the  nDmeroDi "  ftcete  "  eoTtred 
with  aheet  iroD.will  be  foimd  to  afford  KMToely  leu  aecniity  than  the  plain-nded  one, 
with  the  narrow  opening  outwardi." 

The  following  description  of  Lientenut -Colonel  Ord'g  loopholed  window  for  de- 
fenuve  barracka,  etc.,  and  other  buildings  requiring  a  reasonable  supplif  of  light  and 
TentilatioD,  is  taken  from  the  same  Paper. 

"  Figt.  4,  S,  6,  7,  represent  the  loopholed  vrindoir.  The  dimentions,  wbeu  the 
window  i*  to  be  used  as  a  loophole,  are  the  same  as  those  in  figs.  ]  lad  2,  Plate  111., 
and  this  ii  effected  as  follows  :  a  wrought  iron  abattant,  or  falling  shatter,  ia  attached 
to  the  bead  of  the  iron  window  frame  b;  means  of  a  piTot  or  hinge,  the  two  endi 
wotkii^  in  iron  eja  or  rings.  The  pivot  is  of  round  bar  iron,  with  ikt  sheet  jron 
fonning  the  abattant  riveted  to  it ;  this  abattant  is  lowered  to  the  iron  reita  (see 
flg.  7),  and  thns  forms  a  very  complete  loophole.  When  employed  at  a  window,  the 
•battaot  is  raited  by  winch -handles,  which  are  fixed  on  the  square  end*  of  the  [ntot 
or  hinge,  and,  being  bolted,  remain  continually  up. 

"  The  iron  sashes  are  removed  for  action,  and  the  loophole  is  then  clear. 

"  By  eiamining  fig.  7,  it  will  l>e  clear  that  no  injury  can  lie  done  to  the  defender 
by  shots  between  the  abaltant  and  the  bead  of  the  window  above  it,  unless  the 
firing  ahonld  be  of  such  a  nature  that  an  ordinary  loophole  would  be  almost  de- 
stroyed by  it. 

"  Plates  are  riveted  to  the  angles  of  the  abaltant  to  strengthen  it.  The  necessity 
tot  them,  and  their  dimcn^oni  and  numbers,  would  be  left  to  the  discretion  of 
tba  Bi^ineer,  as  the  strength  required  would  of  course  vary  according  to  the  fire 
likely  to  be  brought  upon  it,  which  would  depend  on  the  locality. 

"  The  loopholed  window  should  also  be  in  cut  stone,  whenever  practicable. 

"  Thii  window  may  be  lengthened  to  G  feet  when  necessary,  this  length  iNing  the 


Great  difference  of  opinion  exists  in  onr  Service  with  regard  to  the  comparatife 
advantages  of  loopholed  fire  and  that  of  the  ordinary  parapet ;  bat  in  sites  liable  to 
be  commanded  within  musketry  range,  and  unexposed  M  the  fire  of  artillery,  and  fot 
the  close  defence  of  the  ditcliei,  etc.,  of  permanent  works,  the  loophole  presents 
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When,  however,  the  inter?al  between  them  exceeds  7  or  8  ftet,  the  fire  becomee 
week  and  futile ;  and  it  will  be  foond  of  advantage  in  these  instances  to  conoentnte 
the  loops  in  detached  numbers  towards  those  points  most  necessary  to  command, 
rsther  than  to  pierce  the  wall  equally  throughout  its  whole  length ;  because,  in  the 
former  case,  the  men  will  rush  at  once  to  the  points  most  necessary  to  defend,  and 
will  be  more  under  command  than  when  detached  singly  at  longer  intervals. 

On  the  contrary,  in  caponnieres,  reverse  fires  for  the  defence  of  the  ditch,  and 
where  the  object  will  be  to  prevent  the  passage  of  a  large  body  of  men,  the  loopholea 
cannot  be  in  too  great  number,  or  too  closely  approximated  to  each  other;  provided 
always  that  suflSdent  space  is  allowed  on  each  side  and  in  rear  of  the  loophole  for  one 
man  to  use,  and  another  to  load  his  musket,  in  rear  of  him :  and  it  may  be  here  ob- 
served that  2  feet  6  inches  to  3  feet  from  centre  to  centre  of  the  loops,  and  6  feet  width 
of  passage  in  rear,  are  the  minimum  dimensions  that  will  answer  these  objects. 

When  there  are  any  additional  obstacles  in  the  ditch,  muk  as  the  "  cunette  "  of  a 
permanent  wet  ditch,  or  palisades,  or  other  impediments  in  the  ditches  of  Field  Forts, 
it  is  of  course  advantageous  to  concentrate  a  considerable  portion  of  the  loopholed 
fire  immediately  in  front  of  such  obstacles ;  and,  indeed,  the  same  advantage  may  be 
obtained  for  all  loopholed  walls,  by  the  construction  of  abattis,  etc.,  at  a  convenient 
distance  in  front  of  them  :  but  every  ]oophole  should  be  laid  out  vrith  reference  to 
locality  and  its  specific  object,  like  an  embrasure. 

Many  distinguished  Officers  in  our  Service  can  state  from  experience  that  no 
obstacle  is  more  terrific  or  appalling  to  troops  than  a  strongly  constructed  palisade  or 
other  impediment  in  the  ditch,  fianked  by  a  powerful  loopholed  fire,  well  sustained 
and  well  directed. 

Memorandum, — For  the  hasty  construction  of  loopholes  in  the  field,  the  reader  is 
referred  to  **  Field  Fortification."— R.  T. 


DESCRIPTION    OF   A    REVOLVING    IRON    LOOPHOLE    INVENTED    BY 
T.    F.    HAULON,    CLERK    OF   WORKS,    R.E.D. 

The  revolving  loophole  consists  of  three  parts  ;  the  centre  part  A  (figs.  5  and  7,  see 
next  page)  is  a  solid  metal  cylinder  which  revolves  inside  a  cylindrical  box  or 
casing,  B,  also  constructed  of  metal,  and  formed  of  two  parts  having  lateral  fianges 
or  plates,  C,  C,  secured  to  each  other  by  means  of  the  screws  D,  D.  The  oylindrical 
box  is  pierced  with  openings,  and  the  enclosed  cylinder  is  also  perforated  for  the 
passage  of  the  musket  or  rifle,  the  aperture  outside  being  made  only  just  large 
enough  to  leave  room  for  the  free  passage  of  the  muzzle  and  ramrod,  with  a  sufficient 
space  at  the  top  for  the  sight  and  aim. 

The  musket  or  rifle  being  passed  through  the  loophole  in  the  direction  a,  b,  fig.  7, 
a  command  is  obtained  of  every  object  within  range  in  the  prolongation  of  that  line, 
and  being  used  as  a  lever,  laterally,  the  barrel  gives  motion  to  the  cylinder  A,  so  as 
to  bring  the  line  of  fire  into  the  direction  of  the  lines  a  c  or  ad,  which  gives  a 
sector  of  60°  horizontally,  under  perfect  command.  The  elevation  and  depression 
of  the  line  of  Are  are  limited  by  the  inward  splay  of  the  loophole.  The  handle 
and  lever  at  £,  regulate  the  movement  of  the  cylinder  A,  thus :  when  the  lefer  is 
moved  so  as  to  be  in  contact  with  the  check  at/,  the  point  b  will  have  moved  to 
df  and  when  it  is  required  to  close  the  loophole,  the  cylinder  is  raised  by  means  of 
the  handle,  until  the  lever  passes  over  the  check  at  /,  and  being  moved  round, 
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it  drop!  into  the  notch  it  g.  Id  which  positioD  the  tpertore  h  i  will  be  at  ri 
uglu  to  a  ft. 
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madft  at  Chathim,  it  a{»petn  thit  a  loophole  of  tho  above  finnD,  constraeted  of  eait 
iron  f4neh  thick,  and  weighing  241b.,  will  bear  a  great  nnmber  of  shots  from  a 
Mini^  rifle  without  injury,  and  costs  only  6  shillings.  The  opening  is  2^  x  li  inches, 
its  range  is  751''  horizoDtally,  14**  of  deration,  and  19¥  ^  depression. 


Noie§  <m  Embraaurei, — As  the  oonstmction  of  embrasnres  varies  withoot  reference 
to  localities  or  any  specific  conditions,  the  following  observations  are  offered  upon  the 
principles  on  which  they  should  be  constructed* 

We  are  taught  that  the  interior  opening  at  the  genomllte  for  cannon  should  not  be 
less  than  2  feet  2  inches,  and  under  the  exterior  crest,  the  width  of  the  wdlit  of  the 
eimirtumre  should  be  half  the  thickness  of  the  parapet :  these  dimen|ions  apply  to 
earthen  parapets  that  are  more  than  9  feet  thick.  When  less,  and  the  parapets  are 
built  of  masonry  or  brickwork,  the  following  will  be  found  more  suitable,  by  giving 
the  external  width  of  the  embrasure  one-third  of  the  thickness  of  the  parapet,  pins 
the  interior  opening :  for  example,  if  it  is  6  fiset  thick,  the  exterior  width  will  be  4 
feet  2  inches ;  and  if  9  feet,  5  feet  2  inches.  These  normal  dimensions  give  the 
minimum  opening  to  the  em^rofvre  to  afford  the  maximum  cover  to  the  men,  gun, 
and  carriage,  and  within  which  is  the  smallest  space  the  explosion  will  permit,  as 
explained  by  the  lines  a  e  and  b  dyinUg,  1.  But  the  line  of  fire  only  extends  to  the 
triangle  x  ^  y ;  and  if  the  muzzle  of  the  gnn  is  directed  by  the  gunner  beyond,  he  vrill 
destroy  his  own  cover  by  blowing  away  the  cheeks  of  the  embrasure. 

Although  these  rules  are  based  upon  certain  principles,  yet  their  ^iplication  is  not 
arbitrary,  and  there  are  exceptions  which  should  be  considered  in  laying  out  the 
embrasure ;  as  for  example,  when  the  battery  is  exposed  only  to  the  oblique  fire 
of  an  enemy,  in  flanks  and  re-entering,  angles,  to  follow  the  normal  dimensions  is 
contracting  the  power  of  your  artillery,  to  the  loss  of  flanking  fire,  as  explained 
in  fig.  2,  where  it  is  shown  that  the  line  p  h  and  the  gate  A  are  not  seen  from  the  em- 
brasures. Now  as  the  interior  may  be  only  exposed  in  the  directions  o,  o,  it  is  unne- 
cessary to  give  the  minimum  opening,  and  as  this  deficiency  of  flanking  flre  may 
expose  a  fortress  to  a  coup-de-main,  it  is  time  enough  to  contract  the  embrasures 
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in  tho  Ibnki  when  the  cooDter  bitteriei  of  the  boiegen  tn  *bout  to  b«  otibtubed. 
To  whU  eit«at  local  drcnmrtaucei  will  pennit  >  derutioo,  rata  in  the  judgment 
of  tbeBngioeer;  but  an  »t«aaioii  to  the  aogle  '  J  y,  fig.  1,  will  preierve  the  cbeeki 


of  the  embrunre,  end  edd  to  the  acope  or  leteril  breadth  of  the  fire  of  the  >r- 
mier;. 

When  a  gns  moonted  apon  a  travelling  carriage  to  fire  over  a  genouillere  it  3  feet 
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are  eat  obUqnely  for  some  eqiedal  purpose  on  the  lines  P,  P,  the  foOowiiig  difliealties 
occur:  the  parapets  on  the  lineso,  o,  become  too  thin,  and  are  not  shot-prool;  the 
interior  is  too  confined,  and  is  liable  to  be  Mown  away  by  the  firing  of  the  g;ans ; 
increased,  too,  because  they  cannot  be  run  up  on  the  platform,  the  width  of  the  car- 
riage and  space  required  for  the  men  preventing  it,*  as  shown  on  the  dotted  lines 
w,  w. — G.  G.  L. 

ADDITIONAL  NOTE   ON   EMBRASUUS. 

The  simple  form  of  embrasure  still  in  general  use,  and  which  is  merely  an  extension 
of  the  simple  form  of  loophole,  has  come  down  to  us  firom  a  remote  epoch,  and 
appears  to  have  been  adopted  on  the  following  principles :  1st,  by  a  narrow  internal 
opening  to  keep  the  men  as  much  as  possible  under  cover :  2nd,  by  a  wide  external 
opening  to  give  as  much  lateral  range  as  possible,  consistent  with  the  stability  of  the 
parapet.  The  actual  range  attained  with  a  parapet  of  18  feet  thickness,  and  9  feet 
external  aperture,  does  not  extend  over  more  than  27" ;  but  on  the  old  system  of 
Vauban,  of  placing  the  embrasures  18  feet  from  centre  to  centre,  four  guns  could  be 
brought  to  bear  on  any  point  of  the  ground  before  them  at  89  yards,  three  at  67 
yards,  two  at  45  yards ;  so  that,  considering  the  proper  lengths  of  curtains  and  lines 
of  defence,  it  may  be  justly  said  that  in  this,  as  in  other  arrangements  of  the  early 
masters,  the  dimensions  adopted  were  selected  on  principle;  3rd,  in  an  18-feet 
parapet,  the  distance  from  the  muzzle  of  the  gun  to  the  cheeks  need  never  be  less  than 
1  foot  9  inches,  as  the  gun  ought  never  to  be  laid  close  to  any  cheek  when  firing  parallel 
to  it ;  4th,  the  funnel  shape,  expanding  outwards,  greatly  facilitates  the  escape  of 
the  elastic  gases,  smoke,  etc. ;  and  this  is  an  additional  reason  for  making  that  portion 
of  a  loophole,  in  thick  walls,  which  is  beyond  the  muzzle  of  the  musket,  expand 
outwards.  It  is  evident,  therefore,  that  the  early  form  of  embrasure,  however 
simple,  was  not  established  without  reason,  and  possesses  many  advantages.  Occa- 
sionally, in  very  ancient  fortresses,  a  casemate  was  formed  in  the  parapet,  and  the  gun 
advanced  into  it,  the  rear  being  open ;  a  plan  which  had  its  advantage  in  cases  where 
the  parapet  was  unusually  thick,  and  the  range  would  have  been  much  diminished 
without  an  inordinate  extent  of  aperture ;  and,  in  modem  times,  Montalembert  has 
adopted  this  arrangement,  with  a  view  to  obtain  increased  range  with  diminished 
exposure.  On  his  plan,  the  pivot  of  traversing  platforms  is,  in  a  6  feet  parapet, 
carried  forward  to  about  2  feet  from  the  front,  and  a  range  of  60°  is  obtained  with  an 
opening  of  3  feet  9  inches ;  whereas  the  same  range  would  have  required  an  opening 
of  8  feet,  had  the  pivot  been  placed,  as  at  Cherbourg,  in  the  parapet,  but  only  1  foot 
6  inches  from  the  interior  of  the  wall.  This  appears  a  great  advantage,  but  there  is 
a  disadvantage  connected  with  it  in  actual  serrice  which  has  been  overlooked; 
namely,  that  the  wall  must  be  cut  away  in  a  corresponding  degree  in  the  rear,  to 
permit  the  gun  to  traverse  so  that  the  carriage  is  brought,  when  trained  to  either 
side,  within  the  parapet ;  and  even  after  recoil,  the  inconvenience  of  loading  must  be 
considerable.  Montalembert  intended  however  his  embrasure  merely  for  casemates  ; 
but  Lieutenant  Penrice  proposes  its  application  to  parapets  of  greater  thickness,  in 
order  to  replace  entirely  the  old  embrasure ;  and  in  that  case  the  difficulty  pointed 
out  would  be  still  greater,  and  the  extent  of  parapet  in  the  rear  required  to  be  cut 
away,  in  order  to  admit  of  ready  manipulation,  much  augmented.t 

In  the  ninth  volume  of  the  '  Corps  Papers,'  it  has  been  proposed  to  modify  still 
further  the  opening  of  Montalembert's  embrasure,  by  adopting  a  cheek  of  more  than 
one  plane,  so  arranged  as  to  prevent  a  shot  entering  by  ricochet  fr^m  its  surface.    On 


*  Some  of  these  cTils  may  be  remedied  by  indenting  the  parapet. — Editort. 
t  The  parapet  in  also  greatly  weakened  by  this  means.— £<fi7or«. 
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thi*  Utter  poiiit,  tbere  ii  much  niuppnbeiuioa,  from  confonnding  the  ricochet  aoi^ 
with  low  chvget  intb  Uut  of  hi^h  chi^cB ;  tnd  u  embrMurei  ut  more  eipoied  to 
flu  fire  of  guni  with  fall  MTTice  chargei  tbin  to  the  true  ricochet  fire  with  low 
ehirget,  the  precaution  directed  ijiinit  the  Utter  ia  unoeceuarj  igaiDst  the  former. 
Bf  the  eiperimmti  carried  on  at  Metz,  it  hai  been  ahown  that  a  12  lb.  French  ahot 
with  a  charge  of  one-half  it>  weight  began  to  ricochet  only  at  211' ;  and  with  one- 
third,  odIj  at  ib"  ;  and  that  in  each  caie  tbere  ii  penetratioD  to  Ibe  eitcnt  of  neari; 
6  incbei,  the  ball  being  reflected  at  a  coniiderably  higher  angle  by  scooping  out  the 
masonry,  and  in  ao  doing,  loniig  iti  velocity  to  aucb  ta  eilent  aa  to  be  capable  of 
doing  little  lubaequent  injury.  The  great  erits  are,  the  ruin  of  the  embraaure,  and 
the  deatmctiTe  effecta  of  its  aplintera  ;  and  theae  are  perhapa  beat  guarded  againat  by 
preaerriDg  the  timpte  eariiben  embraiure,  strengthening  only  the  throat  by  a  concrete 
hacking  eitending  inwardA  far  about  3  feet,  to  recetie  the  ahock  of  the  ahot  after  it 
hta  penetrated  the  earth.  Without  therefore  wishing  to  check  improvemeats  in  loop- 
holes, or  in  embratnrei,  a  doubt  may  be  fairt;  expressed  whether  the  adtantagea 
expected  ftom  the  more  complicated  forms  proposed  are  really  equivalent  to  the 
diatdTantaget  which  attend  them  in  eerrice ;  and  whether  the  simple  loophole  aod 
embraaure,  properly  applied  and  arranged,  have  not  yet  a  practical  superiority  over 
place  them. — J.  E.  P. 


M. 

MACHICOULIS.  — MachKimUt  gaUrria  are  conatraeted  over  the  entrance 
to  a  hailding  or  enclosore,  or  over  paita  where  an  opening  <t  liable  to  be  effected  by 
crow-ban,  or  by  firing  a  charge  of  powder,  etc.  Their  nse  is  to  enable  a  vertical 
BOthetry  fire  to  he  directed  npon  the  enemy  outude,  and  to  fadhUte  pouring  down 
melted  lead  or  other  missiles  upon  them. 

Blockhouaea  are  often  conitmcted  with  the  upper  Fig.  l.~Section  of  a 

ttoriea  projecting  all  round,  so  as  to  afford  them  this  Machicoulis  Gallery. 

mcannof  i]efenc«  {rule  ■■  lllockbuiise  ") 
Article  on  "  Guerifes"  «ill  be  found  bi 
Ibe  application   of  macbicoulis  gallcv: 
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BMTbeEaniMd,4iulitmi7bemadBof<Mlpluilu3iDchMthick,oo*«r«dwitli  wroDgfat 
boD  pUtet  i  inch  thick.  The  thickDciui  of  other  iiut«ritli  rtqnhwd  m  gj<r«n  in 
the  Article  on  "  Buricadei." 

An  ordiauy  iron  haleoaj  forms  •  very  good  fnineworlc  (or  •  mkchicoalii 
gallery,  u  (howD  in  Plate  I.,  "Defence  of  Pott*;"  tndit  liM  been  loggeated  that 
hj  filing  iron  ihotlers  in  front  of  embrunres,  lo  u  to  form  ■  talient  ugle,  ind 
pTDjeeting  bejond  the  wtll,  they  nur  be  aied  to  lire  from  npon  an  eaam]'  at  the 
(bot  of  iL 

Ukchicoulia  galleriei,  baiit  of  brick  reiting  npon  itone  corfaeU,  are  (rften  tpplied 
to  llutello  towen  for  the  defence  of  the  door*,  or  over  re-entering  angles  of  ftirti- 
fleation  when  they  are  badi)'  flanked  i  but  thejr  tre  liable  to  be  dettroyed  by  a 
dngle  cannon-ihot,  unleu  their  wills  are  supported  by  tnatiiTe  archei,  and  made  3 
or  4  fM  thick. 

Not*  M  HaeUeonta — Frequently  nied   in  the  defence  of  eacarpi  aod  towen; 

Fig.  2. 


St  George's  Tower,  at  Vindaor  Ciatle,  is  an  eiunple.  Colonel  Nelton,  R.B., 
has  applied  them  to  a  project  in  (he  7lh  Tolome  of  Profesaional  Papers,"  in  the  Article 
on  Coast  defences  t  and  the  annexed  diagraniB  will  explain  how  they  may  be  applied 
•diantigeouily  to  lines  of  walla  on  the  edge  of  precijuces,  banks  of  rir«r«,  and  on 
lei  Unee,  where  it  i>  desirable  to  tee  the  foot  of  the  waUt  in  particular  drcnmitinee*, 
when  they  are  not  exposed  lo  the  fire  of  heavy  artillery,  and  the  ground  for  the 
line  of  wall  it  too  narrow  to  admit  of  flsnk  defence.    See  tigs.  2  and  3. 

Fig.  3. 
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Capitaine  Bmile  Miurlce,  in  hii  'Snm 
$ttrlaFart^ltaliimSladenu,'  givatpn- 
flle  showiDg  the  ippUcition  of  the  na 
chieoulit  to  the  chemin  des  rondei   u  in 

is-*- 

The  entniiMi  of  towen  «nd  amall  forts 
without  flanka  ihoutd  each  hare  ■  much 
eoulit  over  the  gateiraj  or  dnnbndge 
for  amall  giitiioiia  an  frequently  int  m 
dated  by  the  miner  fixing  a  petard  or  bag 
of  powder  to  the  gale  br  bridge,  and  are 
inclined  to  lurreDder  without  luffic  enl 
CM»e.  These  works  ihould  always  have 
a  supply  of  filled  tand-bagia  ready  to  be 
placed  in  the  iDtemal  recesaea  of  (he 
doors  and  windowi,  which  would  leaaen 
the  ill  effect  of  the  eiplosion. 
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MAGAZINE.* — TAe  OxulructiM  of  Gm^maider  Magtamti  tkouM  have  refer 
ence  to  their  object,  whether  they  are  required  aa  a  dep6t,  entrepot  or  for  the  supply 
of  coast  batteries,  forta,  or  fortreasea  ;  in  the  latter  cases  Ihey  should  be  bomb  proof. 
It  is  conceived  that,  if  they  hold  500  rounds  per  gun,  Ibat  quantity  will  lie  the  molt 
convenient  for  auppty  ;  and  no  magazLne  should  contain  more  than  1000  barrels-f  In 
a  fortided  place,  aimed  with  100  pieces  of  ordnance,  this  arrangement  would  require 
five  magazine!. 

When  it  is  found  convenient  in  fortified  place*  to  place  the  magazines  in  detached 
^tes,  )uch  aa  the  centrea  of  empty  baationa,  or  open  ipaces  within  the  eneiente,  for 
the  preaervatbn  of  the  powder,  preiious  to  invettment  or  to  a  probable  attack  by  sea 
or  land,  there  are  varioua  ways  of  constracting  them :  among  the  earliest  patterns 
followed  are  those  of  Vauban  and  Belidor. 

Hajor-OeneTal  Fanshawe  appears  not  to  approve  of  Vauban's  or  Miiller'a  external 
buttreawa,  but  would  pteier  having  the  external  lines  free  from  camen,  which 
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tmall  holes  perforated  io  them.    No  iron  or  steel  is  ever  permitted  to  be  used 
in  the  construction  of  powder  magazines. 

"  Sometimes  magazines  have  been  formed  with  groined  arches,  that  is  to  say,  with 
two  sets  of  arches  of  equal  height,  or  nearly  so,  intersecting  each  other  at  right  angles. 
In  this  method  there  is  a  saving  of  materials,  and  a  greater  interior  space  may  be 
gained,  because,  instead  of  intermediate  pier  walls,  extending  in  a  continued  line 
from  one  end  of  the  magazine  to  the  other,  as  in  the  old  mode  of  construction,  there 
are  only  small  pillars  of  about  4  or  5  feet  square  at  the  utmost,  which  may  be  placed  at 
considerable  intervals  apart,  and  from  which  the  groined  arches  spring  in  contrary 
directions.  This  construction  has  however  been  seldom  used,  being  less  simple  and 
weaker  than  the  former  mode. 

**  With  respect  to  the  roofs  of  magazines  and  other  bomb-proofs,  which  are  not 
covered  at  top  with  some  feet  of  rubbish,  like  those  of  casemates,  it  is  prudent  on 
that  account  to  add  to  the  thickness  of  masonry,  in  order  to  make  them  equally 
secure  against  shells ;  but  the  same  precautions  against  damp  are  unnecessary,  for  the 
common  slates  or  tiling,  etc.  used  in  dwelling-houses,  are  quite  sufficient,  provided 
that  the  ridges  and  gutters  are  leaded.  Much  however  depends  upon  the  pitch  of 
the  roof,  which  ought  to  be  rather  steep  than  otherwise ;  the  low  pitch  recommended 
by  some  architects,  for  the  sake  of  beauty,  being  unfit  for  northern  climates.'' 

Powder  magazines  have  lately  been  erected  in  Germany  which  have  the  buttress 
within:  this  mode  of  constructing  magazines  appears  to  have  some  of  the  ad- 
vantages of  groined  arches,  without  the  disadvantages  alluded  to  by  General  Pasley. 

When  magazines  are  isolated,  for  the  advantages  of  a  free  circulation  of  air,  and 
preservation  of  the  powder  in  time  of  peace,  the  German  construction  should  be 
adopted,  to  hold  4000  or  5000  barrels,  which  are  to  be  distributed,  when  an  attack  is 
threatened,  into  small  magazines.  The  late  Colonel  Williamson,  of  the  Royal  Artillery, 
in  his  Notes,  as  published  in  the  'Minutes  of  Proceedingi  of  the  Royal  ArtiUery  IfutiiU' 
tioUf'  observes :  *'  In  cases  of  siege  it  is  usual,  and  indeed  necessary,  to  place  splinter- 
proofs  and  traverses  before  the  doors  of  the  principal  magazines  of  a  fortress ;  and 
the  windows,  especially  those  on  the  side  of  the  country,  are  frequently  built  up  or 
shut  up  with  logs  of  timber.  In  this  case  the  magazines  are  very  dark  ;  and  indeed 
many  magazines,  situated  in  the  towers  of  old  fortifications,  have  scarcely  any  light 
at  all ;  it  is  consequently  necessary  to  make  use  of  Muscovy  lanterns,  which  should 
invariably  be  held  by  a  non-commissioned  Officer  or  some  trusty  person.  The  door  of 
the  lantern  should  never  be  on  any  account  opened  in  the  magazine ;  and  the  candles 
should  be  of  wax,  as  when  of  tallow  they  frequently  require  snuffing.  Splinter- 
proofs  before  the  doors  make  them  very  dark,  and  a  person  upon  entering  fancies 
himself  in  complete  darkness ;  but  after  a  short  time  things  are  readily  distinguished. 
The  men  therefore  at  work  inside  of  the  magazine  ought  always  to  remain  inside, 
and  those  outside  ought  never  to  enter,  but  to  lay  the  barrels  down  or  receive  them  at 
the  doorway,  besides  a  third  party  stationed  at  the  entrance,  and  communicating  with 
the  other  two. 

"  Powder  magazines  are  usually  divided  into  certain  spaces,  called  bays,  by  wooden 
posts  or  uprights  connected  together  at  top  and  bottom  by  open  framework :  pas- 
sages are  left  between  the  parallel  bays  and  at  the  ends,  of  2  feet  2  inches  wide.  In 
all  powder  magazines  it  ought  to  be  an  invariable  rule,  that  one  of  the  bays  be  empty, 
for  the  sake  of  shifting  the  powder,  which  ought  to  be  frequently  done.  The  empty 
bay  is  to  receive  the  barrels  from  a  full  bay ;  and  this  bay,  just  emptied,  is  to  receive 
those  of  another  full  bay,  and  so  on ;  so  that  the  bay  last  emptied  will  remain  so. 
When  shifting  the  powder,  the  situation  of  the  barrels  must  be  changed :  those  which 
were  at  the  top  tier  are  placed  in  the  bottom  tier,  and  those  which  were  at  the  bottom 
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in  tbe  top,  b;  which  mcana  the;  are  reliered  from  the  ^reit  presmre  which  wu  on 
them  when  the;  were  loweit." 

Since  the  introdDction  of  concrete  in  fonndationi,  it  is  now  the  pnctice  in  brnlding 
powder  m^innei,  or  in  renewing  the  flooring,  to  spread  concrete  throughout,*  ■■ 
u  to  prevent  damp  from  rising  from  the  ground,  and  to  bnild  the  wall*  which  bear 
the  flooring  joiMi  upon  it,  to  tnch  i  height  that  a  current  of  air  maj  pui  between 
tbeK  low  pien.  The  gronnd  between  the  nails  of  all  maganne*  and  the  nurMnidint 
wall  ihodld  be  paved  and  kept  clear  of  treeda. 

TV  potilim  of  GtaipiABdtr  Magainut,  and  Iht  Securily  of  tkt  Ftnedtr,  mnat  alao 
have  reference  to  tbe  wants  of  the  Seirice  ;  for  depoU,  entire  separation  from  other 
buildings,  and  freedom  from  all  risk  of  fire,  are  (he  important  coaaideratioDS.  The 
neit  points  are  the  conTeniences  of  transport  by  ma  at  ioruf.  It  does  not  appeu  e*- 
aential  that  the  magaxlnet  for  depAti  shoold  be  arched :  tbe  depAt  at  Marchwood  ha* 
■  timber  roof  like  a  store,  and  the  buildings  are  drjr.  and  the  powder  in  excellent  order. 
The  roofi  of  m^azineaof  thii  description  should  be  of  one  span ,  to  avoid  lead  gotteia, 
ai  they  frequently  crack,  and  admit  rain  and  snow :  thedoon  should  be  placed  north 
and  south,  the  windows  eait  and  west,  and  open  iniide,  with  wire-guards  outside: 
the  spouting  should  be  of  copper,  and  not  of  wood.  Some  prefer  that  barrels  of 
powder  should  contun  90  lbs.,  and  not  100  lbs.,  as  now  ordered,  as  the  fonnei 
quantity  allows  the  ponder  to  fall  buck  into  single  grains  every  time  it  is  moved. 
iUagazinei  should  never  be  opened  in  rainy  or  damp  weather,  if  it  can  he  avoided. 

TkePanlion  qf  Magazinn  in  forfrettes.  ~  Some  difference  of  opinion  eiista  among 
Artillery  Officers  on  this  subject.  It  is  conceived  that  magsiinei  for  tbe  general 
supply  of  a  fortress  should  be  detached  from  the  ramparts,  in  an  airy  site,  in  the 
empty  bastions,  in  a  work  entirety  enclosed  by  tbem  ;  or  in  maritime  places,  in  utes 
contiguous  to  those  for  the  embarkation  and  diaembarkatian  of  stores ;  and  that  during 
a  siege  the  powder  should  be  placed  under  the  ramparts,  perfectly  secure  from  an  acci- 
dental explosion  from  the  eueuiy's  artillery,  or  where,  if  eiploded,  the  defeneea  may 
not  be  injured,  the  passages  to  the  magszine  being  well  blinded. 

ErpenMt  Majaxintt,  as  explained  in  tbe  notea  of  the  late  Colonel  Williamaon,  of 
the  Royal  Artillery,  published  in  the  '  Mimitei  of  Proeerdiiigi  ^Iht  Rogai  ArlUkry 
Intlilulion  at  fVoobeieh'  should  be  " mnch  amaller  than  dep6t  magazines  i  when 
possible,  they  should  be  bomb-proof,  but  in  general  they  are  not  so.  In  a  fortress, 
there  ought  to  be  an  expense  magazine  to  each  bastion  and  battery,  though  this  is 
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orried  from  pUce  to  place  j  th«y  aie  •ometimci  oa  nheelt,  tai  aometiinei  without : 
In  the  Utter  cue,  they  ought  llnayB  to  be  placed  on  skidding,  to  keep  them  off  the 
groDnd,  besidei  haiiDg  ledges  on  their  bottomi.  In  these  is  conlaineil  a  certain 
number  of  cartridges  for  each  piece  iu  (he  liatlery,  together  with  tubes  and  port-firea  ; 
the  aide-arms,  handspikes  etc  are  in  such  case  placed  in  a  siuall  shed  built  against 
the  interior  slope  of  the  ppaulcnieat  to  defend  them  from  the  weatlier.". 

In  concliiaioD,  it  it  a  1 1  he  explained  that  Magazine,  as  a  military  expression, 
Hvnif*  axttnt  Poicder  Maga  me  >iid«henmihlar;buildings  coutaiiiothertaaterials, 
they  we  tenned  Sloret  G.  G.  L. 


tfalt. — When  m^azines 
■re  placed  in  u  exposed  po- 

whichrenderait  necessary  to 
nuTOund  them  with  a  mass 
of  earth,  they  should  be  built 
with  a  passage  or  aisle  about 
2ft.  ein.ot  3ft.  wide,  round 
the  tides  and  rear,  coiered 
by  the  same  roof  ta  the  body 
ti  the  building,  as  in  the 
■nneied  diagnms. 

In  the  case  of  an  expense 
magazine,  these  aide  passages 
may  be  used  for  the  side- 

Id  all  lai^  mapzines  a 
traTelling  erane  should  be 
■mnged  for  the  purpose  of 
tDOTiDg  the  barrels  from  one 
bay  to  another;  and  where 
seTCrnl  such  magazines  are 
together,  traverses  should 
he  erected  between  them  of 
lafficieut  strength  to  resist 
uieiplouon.         C.K.  13. 
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MANfflUVRES  OF  CAVALRY  •— Thi  Driii.l,  c.v.lrj  „l  ih,  praent 

time  is  composed  of  two  kinds,  "  Heavy  "  and  "  Light." 

Ist.  The  '•  Heavy  Cavalry,"— Cuirassiers,  Dragoon  Guards,  am)  Dragoons. 
2nd.  "  Light  Cavalry," — Light  Dragoons,  Lancers,  and  Hussars. 
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The  hMv;  evnixj  ihould  be  employed  in  actioni  of  tbock,  Mid  movement  en 

The  dotiei  of  light  cavalry  ihoold  be,  reeonniiMuicea,  ontposU,  inckeU.  pft- 
trolea,  etc. 

The  initructioni  for  cavalry  (honld  be  concise  and  timple,  and  entirely  foonded 
on  the  practice  of  actual  warfare  ;  for  the  mare  theory  ia  identified  nitb  prsctice.  the 
better. 

The  diunouated  drill  of  the  dngoon  U  the  means  of  teaching  and  preserring  the 
recollection  of  the  mounted  manceuvres,  nithout  harassing  the  honM,  and  it  now 
lery  properly  executed  by  the  aame  words  of  command. 

There  are  three  distinct  pacea  in  caTsliy ;  viz.  the  "  walk,"  about  four  miles  per 
hour ;  the  "  trot,"  of  about  eight  milea  per  hour ;  and  the  "  giUop,"  of  eleren  mika 
per  boor. 

IsL  The  "  wklk,"  which  is  the  pace  of  roate,  aod  when  en  tervice,  ought  not  to  be 
exceeded,  it  bong  sufficiently  quick  for  the  movementa  of  any  umy  (unles*  upon  an 
emergency),  u  the  avenge  weight  of  a  dragoon  is  upwards  of  IS  stone,  not  inclnding 
rations  and  forage,  which,  tor  one  day's  consumptioa,  ii  aboat  28  lbs. 

2Dd.  The  "  trot "  Is  the  beat  pace  for  manoeavre :  it  enables  a  column  or  Une  to 


3rd.  Tlie"gaIlop,"tiliicb  embraces  the  "charge,"  I«  thepace  of  action,  or  forqnick 
formations  preparatory  to  it ;  at  this  pace  the  horse  is  most  diitreised :  it  should 
not  be  applied  to  the  general  purpoaea  of  maniEuvre.  The  rate  of  pace  of  tbe 
"  charge  "  ahould  not  eiceed  tbe  full  speed  of  the  slowest  horeea,  a*  it  i«  from  the 
uoiform  velocity  of  tbe  attacking  body  that  its  greateit  efl>ct  is  to  be  obtained. 
At  the  instant  of  the  concussion,  the  liorse  (although  in  hand)  should  be  pressed 

There  are  three  ^ITerent  modes  of  attack ;  viz.  the  Attack  in  Line — en  Echelon — 
and  in  Column. 

lit.  The"attBdcin  line"  is  theform  of  attack  against  cavalry  i  its  movement  mnst 
be  progressively  quick ;  it  must "  oalk,"  "  trot,"  "  gallop,"  and  "  charge :"  the  latter 
must  take  place  at  a  distance  of  50  or  60  yards  from  the  enemy ;  and  a*  ntpport  is 
necessary  to  complete  the  tuccess,  or  cover  the  failure,  it  ibonld  be  formed  as  follovrs : 

The  support  before  the  line  advances  to  attack,  ahould  be  in  two  close  columoa  in 
the  rear  of  the  flanks  of  the  attacking  line ;  and  on  the  line  advancing,  it  should 
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sqnadront  should  form  in  the  retr  of  the  reterve,  and  neter  upon  the  rapport,  which 
would  he  thrown  into  confusion  by  a  body  in  disorder  fidling  back  upon  it. 

Formations  for  attack  should  be  in  three  distinct  bodies ;  viz.  for  the  attacit  the 
nippart,  and  the  reterve, 

1st.  The  first  body  should  be  formed  in  line,  and  should  be  about  one-third  of  the 
whole  strength. 

2nd.  The  "  support ''  may  be  in  open  column,  in  rear  of  the  flanks  of  the  first ;  or 
in  line. 

3rd.  The  '*  reserve  "  should  be  either  in  close  column  of  squadrons,  or  in  double 
open  column  of  troops  (regimentally). 

With  respect  to  the  manoeuyres  of  a  regiment  of  cavalry,  they  are  so  well  defined 
in  the  '  Regulations  for  the  Imtruetion,  Formation,  and  Moffements  qf  Catfoby, 
dated  Horte  Guarda,  Ut  January,  1844,'  that  nothing  more  can  be  desired,  except 
some  orders  relative  to  Mancenvres  in  Brigade,  of  which  nothing  has  as  yet  been 
promulgated.  The  following  movements  were  found  necessary  and  useful  by  the 
brigade  of  cavalry  stationed  in  the  summer  of  1846  in  Dublin. 

1st.  The  cavalry  in  two  columns  of  squadrons  at  quarter  distance,  on  each  flank  of 
the  infantry  (the  infantry  being  in  contiguous  columns  of  regiments).  The  right 
column  of  cavalry  being  left  in  front,  and  the  left  column  right  in  front,  is  ordered  to 
form  line  in  front  of  the  infantry  (to  mask  its  deployment) ;  both  columns  will  ad- 
vance perpendicularly  to  their  front,  and  then  take  ground  in  open  column  of  troops 
inwards  from  the  leading  squadron  (of  each  column)  in  succession,  and,  when  the 
leading  troops  arrive  within  wheeling  distance,  '*  wheel  into  line." 

See  diagram  of  the  right  column,  marked  Fig.  1. 
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KBOIMENTAL    COMMANDS    FOR   TUB    MOVBMBNT. 


Commanding  Officer — * 


Take  ground  in  open  column  of  troops^  to 
the  left  in  succession  from  the  3rd  (the  leading) 
squadron. 

Leader  of  3rd  Squadron — TrOOps  left  wheel. 

Leaders  of  remaining  Squadron — Advance,  and  Troops  left  wheel, 
when  their  squadrons  arrive  at  the  ground  the  leading  squadron  marched  from,  and 
follow  in  open  column. 

2nd  Ex. — The  cavalry  in  two  columns  of  squadrons  on  the  flanks  of  the  infantry, 
as  before,  with  this  difference :  the  right  column,  right  in  front,  and  the  left  column, 
left  in  front ;  both  columns  advance,  and  then  take  ground  in  open  column  of  troops 
inwards,  from  the  rear  squadron  of  each  column  in  succession,  and  wheel  into  line 
when  the  heads  of  each  column  arrive  at  proper  distance. 

(The  right  column  taking  ground  from  its  rear  squadron.) 
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By  threes  take  groimd  to  the  left  in  open 
column  of  troops  in  succession  &om  the 
8rd  (the  ism)  squadron. 
Threes  left.  Leading  threes  (hudi  of  troop*) 
left  wheel—Halt— Front— Forward^ECW- 
lowed  in  the  ume  muuier  by  the  other  iqQAdTOD*  in 

3rd  Ex.— The  etrtlr;  being  in  line  in  fttmt  of  the  infuitry,  ia  ordered  t«  retin  ta 
open  colomn  of  troopi,  ud  form  clou  column  in  rear  of  tbe  flinka  of  the  infiuitr7. 

The  canliT  will  retire  &om  both  Uuiki,  ud  when  the  head  of  each  open  coltunn 
hu  pkiied  the  inEuitrj  line  hj  iboat  50  f  uda,  the;  will  receive  the  order  to  "  nirm 
doM  mlomn  to  Ibe  reir  on  tbe  leading  troop." 

Kg.  S.  Rg.  4. 
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The  Regimental  commands  to  execute  the  manoeuvre  would  be, — 

Ck)mmanding  Officei — Right  about — Fonn  close  colnmn. 

Squadron  Leaden — (Repeat  the  command). 


Right  Troop  Leader 
of  the  Ist  Squad- 
ron— 


Right  troop,  right  about  wheel — Forward 

—(the  depth  of  the  column) — Halt. 

Right  wheel,  (when  at  the  rear  rank  of  the  preceding 
^  the  Ut^sjj^n—  Vtroop)— Forward— (pass  along  the  rear)   Right 

I  wheel — Halt — Dress  up. 

The  other  Troop  Leaders — ^The  same  in  succession.  The  column  would  then  stand 
right  in  front. 

Ex.  4. — But  if  the  right  column  (retiring  right  in  front)  is  ordered  to  form  the 
dose  column  to  the  rear  left  in  front,  it  must  be  done  in  the  following  manner  on 
the  rear  troop.     Vide  diagram  No.  4. 

The  right  column  retiring,  and  forming  close  column  to'the  rear,  Irft  in  front. 


REGIMENTAL   COlflfANDS. 


,.      ^  f  Form  close  column  to  the  rear  on  the  rear 

Commanding  Officer-^ 

I  troop. 

Squadron  Leader — (Repeat  the  command). 

Left  Troop  Leaders — Left  troop,  left  about  wheel. 

The  Leader  of  the  Rear  Troop — Halt — Dress. 

The  other  left  Troop  Leaders  (after  wheeling  about) — Forward. 

Three-quarters  left  about  wheel — Forward 

— Trot — Left    forward — and  on  joining  the  left 
troop,  Walk — until  they  close  to  the  front — then  the 

Squadron  Leaders — Halt. 

Ex.  5. — The  right  column  of  cavalry  is  ordered  to  take  up  a  new  position  to  the 
right,  but  to  the  rear  of  the  infantry. 

The  close  column  standing  right  in  front  will  retire  in  open  column  right  in  front. 


Right  Troop  Leaders — - 


/1 
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REGIMENTAL    COlflfANDS    FOR   THE    IfOVSMENT   NO.    5. 

Commanding  Officei — Retire  in  open  column  from  the  right. 
Leader  of  1st  Squadron — Troops  right  wheel — Forward. 

And  when  the  right  troop  has  passed  the  reverse  flank  by  one  horse's  length,  its 

Leader  wiU  give  the  word  Right  wheel — Forward.      The  left  troop  follows 
the  right,  and  the  remaining  squadrons  wheel  off  their  ground  in  succession,  and 
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follow*  tbe  lit  (qoadioD  in  open  column  of  troopi ;  uid  nbeo  the  open  Mhnnn 

•rrivea  »t  the  poaitimi  ordered  to  be  ttken  ap,  it  will  wheel  (left)  into  line. 

Ex.  6. — If  the  right  colnma  of  cavaliy  ahould  stand  left  in  front,  when  ordered  to 
telle  np  •  new  poution  to  the  right,  but  in  rear  of  the  infantry,  it  can  eauly  be 
executed  (without  counterm  arching)  bj  threes  taking  grannd  in  open  column  to  the 
right  in  succession  from  the  rear  squadron,  and  changing  direction  to  the  right. 
Kg.  6. 


0  "T^  ^u^^ 


Commanding  Officer — 


{Retire  in  open  cotumn,  right  iu  front,  in 
succession  irom  the  rear  (lit)  Bquadron. 
>  ff^  "f.  fThrees  right — Leading  threes  (heads  at  troops) 
ton-"  ^  '  "^  (right  wheel— Halt— Front— Forward. 
At  soon  aa  the  word  Forward  ii  given  by  the  Squadron  Leader,  the  Leader  of  the 
right  troop  will  give  the  word  Right  wheel — Forward.  The  other  aquadrons 
will  proceed  in  the  same  manner  in  succeMion,  which  will  bring  the  whole  into  open 
column  right  in  front ; — and  when  the  colamn  arrives  at  the  position  ordered  to  be 
t»ken  up,  it  wiU  "  Wheel  into  line."* 

tn  the  'Cavalry  Drill.Book,' page  193,  Movement  No.  XL  from  line,  the  troop* 
wheel  about  to  execute  the  movement ;  but  auppoung  a  line  of  cavalry  masking 
artillery  w»»  ordered  to  retire  in  column  of  troops  from  the  centre  in  Buccessioo  by 
the  rear,  to  quickly  clear  the  front  of  the  guus,  it  could  not  be  done  by  the  troops 
wheeling  about ;  but  it  can  be  by  the  following  method  (which  would  allow  the 
artillery  to  come  into  action) :  viz.  "  B;  threes  open  column  of  troops  from  the 
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Each  troop  will  follow  in  succession  in  the  same  manner ;  the  right  wing  will  be 
a  colamn  left  in  front,  and  the  left  wing  a  column  right  in  front :  then,  by  changing 
the  direction  of  the  heads  of  the  column,  the  cavalry  would  be  en  route  to  get  under 
coyer  of  the  infantry,  or  be  in  position  to  re-form  line  to  any  front. 

The  following  manoeuvres  are  usefid  as  Regimental  Movements,  but  not  laid  down 
in  the  *  Instructioru  for  the  Cavalry,* 

1st.  A  regiment  being  en  route  in  open  column  of  troops  right  in  front,  is  required 
to  form  a  close  column  to  its  pivot  flank. 

To  the  pivot  flanks  form  close  column. 

Kg.  8. 


Leader  of  the  Ist       fLeft   wheel   into   Kne — Forward   (move  up  the 
Squadron-  ^^^p^j^  ^^  ^^^  column)— Halt. 

Leaders  of  the  other  Squad-  fLeft  wheel  into  line — Forward,  (and 

rons,as  they  arrive  upon  the^,_     . _,  ^;^.n^   t^^    ♦u.    «r^^;„^ 


ground  upon  which  the  Ist 
wheeled  into  line — 


when  at  proper  distance  from   the   preceding 
squadron)  Halt — DreSS. 
To  the  reverse  flank  form  close  column. 

Fig.  9. 


Vk. 


• 


Leader  of  the  Right  Troop  fB'lgll*    wheel— Forward  (the   depth  of  the 
of  the  Ist  Squadron —    1  column) — Halt — DresS. 


Right  wheel  (after  passing  along  the  rear  of  the 

right  troop)   Forward — and — Halt,  when  on  a 
line  with  the  right  troop. 
The  other  Troop  Leaders — ^The  same  in  succession. 


Leader  of  the  Left  troop 
of  the  1st  Squadron — ^ 
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The  foUoniDg  eitracts  form  part  of  ■  "  Code  of  Initmctioni  for  the  Exerciae  tod 
HoTcmmta  of  the  Royil  Hone  Artillery,"  drawn  up  in  obedience  to  the  directions 
of  the  late  Lieatentnt-Genenl  the  Right  Honouiable  Sir  Jsmea  Kempt,  Master- 
General  of  the  Onlaance. 

The  principles  which  goTem  the  application  of  Horse  ArtiUery,  u  well  as  the 
encampment,  the  embarkition  and  disembarkation  of  troops,  etc.  etc.,  being  the 
tame  is  with  Held  Artillery  in  general,  are  not  repeated  in  the  following  code,  as 
ther  mty  be  found  on  reference  to  the  '  ImlmcUom  and  Regulaiiniu  for  Field 
Batttry  ExeTciMr,'-f  of  which  each  Officer  in  the  regiment  of  Artillery  ia  required 
to  baie  a  copy  in  his  possession. 

GXNERAL   PRINCIPLES  FOR  THE  MOVEMENT'S  OF  HORSE  ARTILLERY. 


The  same  general  prindples  regulate  the  ManceuTres  of  Infantry,  Cavalry,  and 
Artillery  :  as  the  infantry  is  honeier  the  main  hody  of  an  army,  it  must  goTem  the 
moTementa  of  the  other  Services,  and  therefore  thia  eierciae  has  been  prepared  in 
conformity  thereto. 

The  plan  of  the  '  Reffulalionifir  the  Field  Exerciiei  and  Etioluliotu  of  the  Army,' 
and  of  the  ■  Cavalry  Regvialirmt'  has  been  followed,  and  the  general  principles,  move- 
nente,  and  words  of  command  have  been  adopted  as  f ar  aa  the  difference  between 
the  Serricet  rendered  it  expedient. 

Horu  artillery  should,  aa  frequently  as  possible,  be  exercised  with  cavalry  and 
iafaiitty,  that  they  may  acquire  the  habit  of  manccavring  in  a  confined  apace,  with- 
out embarraaaing  the  troopa,  who  move  as  if  no  artillery  ware  attached  to  them. 
Several  of  tha  manceuvres  in  the  exercise  have  been  introduced  with  thia  view. 

A  troop  of  horae  artillery  can  perfono  nearly  every  manceuvre  of  a  brigade  of 
cavalry  or  battalion  of  infantry,  but  taioyof  the  movemeiita  are  more  amatter  of  show 
than  of  real  utility.  The  evolutiooa  of  aevoral  troops  acting  together  are  on  the 
•ame  priaciplee  as  thote  of  one  troop. 

Whenever  leveral  troops  can  be  asaembled,  the  opportunity  of  exerdsing  them 
together  ahmild  never  be  neglected ;  eight  or  ten  days'  drill  will  be  attended  nith 
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ground  when  acting  with  other  troops :  sufficient  ground  should  be  allowed  on  each 
flank  to  enable  the  subdivisions  to  wheel  outwards,  if  required. 

Horse  artillery  can  readily  be  moved  from  one  part  of  the  line  to  another,  but  for 
purposes  of  review  it  should  never  be  brought  up  into  its  position  till  all  the  troops 
are  posted  ;  for  it  sometimes  happens  that  after  the  ground  is  occupied,  the  whole 
are  ordered  to  move  a  few  yards,  or  even  a  few  feet,  to  a  flank  ;  or  to  dress  back. 
Neither  of  these  occasions  much  trouble  to  the  infantry  or  cavalry ;  but  it  must  be 
evident  that  to  move  a  line  of  carnages  a  few  yards  to  a  flank,  the  whole  must  go  to 
^he  rear,  and  each  carriage  make  a  considerable  circuit,  in  order  to  come  up  square 
into  its  place :  backing  the  carriages  will  rarely  answer  for  any  distance,  when  for 
the  purpose  of  correct  dressing. 

Although,  strictly  speaking,  a  troop  of  horse  artillery  has  no  right  or  left,  but 
only  acknowledges  the  front  to  which  the  guns  and  detachmenta  are  facing,  yet, 
when  a  troop  is  reversed,  the  Commanding  Officer,  in  ordering  an  advance  or  retreat 
from  either  flank,  should  make  use  of  the  word  *'  Present  ** 
{right  or  iefi),  which  distinguishes  it  from  the  proper, 

Shoidd  any  difficulty  of  ground  cause  the  natural  order  of 
the  subdivisions  to  be  inverted,  their  relative  situations  should 
be  resumed  at  the  earliest  opportunity. 

When  the  guns  come  into  action  at  exercise,  they  should 
always  direct  their  fire  to  a  particular  object,  the  distance  of 
which  should  be  named  by  the  Commander,  in  order  that  the 
elevation  may  be  regulated  ;  or  he  will  name  the  elevation. 

In  all  manoeuvres,  as  soon  as  the  gun  is  limbered  up,  the 
detachment  mounts  and  dresses  on  the  subdivision  of  direction, 
on  the  word  being  given  by  the  Nos.  1. 


FORMATION    OF    A   TROOP. 

A  troop  of  horse  artillery  usually  consists  of  six  pieces  of 
ordnance :   the   men  required  for  the  service  of  each  piece 
are — 
Eight  mounted  men,   of   whom  two  are   non-commissioned 

Ortlcers. 
Ten  mounted  men,  of  whom  two  are  ditto. 
Twelve  mounted  men,  of  whom  two  are  ditto ;  with  an  ad- 
dition of  two  men  to  each  piece,  mounted  on  the  limbers, 
and  numbered  2  and  3. 
The  mounted  men  are  numbered  off  as  follows,  viz. — 
(  Front  rank,  1   12*  5  1 — Senior  non-commissioned  Officer. 
(  Rear  raiilv,  7  13*  G  11* — Junior  ditto  and  marker. 
^  Front  rank,  1  12*  5  10  1  — Senior  non-com.  Officer, 
i^  Rear  rauk,  7  13*  C  11  11* — Junior  ditto  and  marker. 

Front  rank,  4  12*  5  15  10*  1 — Senior  non-com.  Officer. 

Rear  rank,  7  13*  G16  11*  14 — Junior  ditto  and  marker. 
*  This  mark  denotes  horse  holders. 

Each  piece  of  ordnance  is  attended  by  an  ammunition 
waggon,  on  the  limber  of  which  two  men  are  mounted,  num- 
bered 8  and  9. 

In  this  njode  of  trilling  off  the  men,  they  are  numbered  as 


•  1 


a  ft 
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much  u  pOHible  id  confoTmity  with  the  field  b&tterieB,  ra  that  there  may  be  ■  nnitj 
of  principle  with  ell  field  ordiumce. 

The  noQ-eoramiiiianed  Officen  aed  moualcd  men  are  called  a  detachment,  which 
i*  placed  in  firont,  rear,  or  on  a  flank  of  theit  gnna,  accordiag  to  circmnttancei. 

No.  2  sponges,  3  loadi,  4  tenet  the  Tent,  5  Grei,  I  cammanda,  7  is  in  rear  of  the 
limber,  6  stands  five  Jacds  in  rear  of  the  left  nheel,  and  terret  3  with  ammanitiou 

When  the  number  of  men  sltaehedtoagua  ia  reduced,  5,6, 7,  can  brat  be  apared, 
the  gUD  coatiauing  in  action  without  them,  bj  3  going  to  the  rear  for  ammunition, 
and  1  doing  the  duty  of  b  in  addition  to  bis  own.  In  actioo,  Noa.  11, 12, 13  continue 
mounted  in  charge  of  honei ;  No.  11  leada  his  Officei't  hone  and  that  of  No.  1  to 
the  rear ;  No.  12  those  of  4  and  5  ;  and  13  those  of  6  and  7. 

When  a  detachment  is  reduced  to  >ix  men,  the;  are  numbered 
4     12* 
7     11* 

Although  ten  yards  ia  the  distance  nominally  allowed  the  limbers  in  action,  in 
rear  of  their  guns,  yet  it  is  to  be  obaerved  that  when  the  nature  of  the  ground  is  such 
as  will  in  any  degree  cover  them  from  the  effect  of  the  enemy's  fire,  a  non-commi^ 
lioned  OfBcer  is  perfectly  jnstified  in  taking  adruitage  of  it  when  the  distance  does 
not  exceed  a  few  yarda  either  way. 

fn  action,  the  whole  are  diapoied  of  in  the  manner  shown  in  the  diagram 
(preceding  page). 

With  reapect  to  ammunition  waggoni,  no  poaitire  rules  can  be  laid  down  aa  to  th^ 
diipoaition  in  action,  which,  on  service,  must  in  a  great  tneasure  depend  on  a  variety 
of  circumstancea ;  when  it  is  practicable,  they  ahonld  be  under  the  charge  of  an 
Officer,  whose  duty  it  will  be  to  conform  to  the  movements  of  the  guns  in  such  a  manner 
and  at  inch  distance  as  to  enable  biro  to  supply  them  with  ammunition  before  that 
which  is  in  the  limbera  can  be  eipended.  The  spare  carriages  should  lie  under  the 
charge  of  the  Quarter-Master  Sergeant. 


Each  troop  forms  in  line  with  ita  guns,  etc.,  in  rear  of  their  respective  detach. 
menta,  and  in  order  to  enable  the  rear  rank  to  rein  back  for  inspection,  the  leading 
drivers  lo  be  six  horses'  lengths  from  the  rear  rank:  the  inspection  ia  then  made 
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un.  At  open  order,  he  should  be  on  the  right,  and  in  line  with  the  subtlterns  two 

horses'  lengths; — at  close  order,  and  during  manoeuvre  in  line,  between  the  two 
centre  subdivisions,  from  which  position  he  will  be  able  to  see  the  orders  of  the 
Commanding  Officer  properly  executed,  and  be  more  ready  to  get  to  either  flank  for 
the  purpose  of  dressing  points.  In  column,  he  should  be  two  horses'  lengths  from 
the  centre  on  the  reverse  flank. 

I  The  Commanding  Officer  places  the  Officers,  one  subaltern  on  the  right  of  the 

troop,  one  on  the  left,  and  one  on  the  right  of  the  third  subdivision  (or  of  the  fourth, 
if  he  means  to  name  it  the  subdivision  of  direction). 

lyor.  The  Sergeant-Majors  are  to  be   in  rear  of   the   right  gun  of  their  respective 

troops  two  horses'  lengths ;  when  the  waggons  are  attached,  two  horses'  lengths  in 
rear  of  the  right  waggon ;  in  column,  right  in  front,  two  horses'  lengths  on  its  re- 
verse flank,  dressing  by  the  head  of  the  column.  When  the  left  leads,  and  the 
Quarter-Master  Sergeants  are  detached,  they  are  to  shift  there,  and  keep  on  its  re- 
verse flank. 

In  changes  of  position  in  column  they  may  be  usefully  employed  in  sometimes 
conducting  pivots,  and  when  a  line  is  forming,  in  dressing  or  giving  true  points  to 
their  respective  troops,  in  the  given  direction.  It  is  their  duty  to  see  the  limbers  are 
properly  disposed  of  when  the  guns  are  in  action. 

ifaster  1*^^  Quarter-Master  Sergeants  to  be  in  the  rear  of  the  left  gun  of  their  respective 
troops  (on  the  left)  two  horses'  lengths ;  in  column,  on  its  reverse  flank :  they  also 
assist  it  taking  up  points,  etc.,  as  well  as  the  Sergeant-Major. 

en.  The  trumpeters  on  the  right  of  the  line,  the  left  file  two  horses'  lengths  from  its 

flank :  when  the  movements  are  about  to  commence,  they  will  join  the  respective 
troops,  and  be  disposed  of  aloug  the  line,  as  the  Commanding  Officer  may  direct. 

The  artificers  in  the  rear  of  the  whole,  two  horses'  lengths  behind  the  centre  of 
their  respective  troops,  and  dressing  to  the  same  points  as  the  line :  they  are  con- 
sidered detached  in  all  situations  of  manoeuvre. 

A   TROOP,    HOW   TOLD    OFF. 

The  Commanding  Officer,  after  numbering  ofiT  the  troop  from  the  right  by  detach- 
ments, guns,  and  waggons,  will  tell  it  off  into  subdivisions,  divisions,  and  half  troops. 
Throughout  the  service  of  artillery,  six  guns  are  generally  termed  a  troop :  for  tliis 
reason  it  is  the  custom  to  tell  horse  artillery  off  as  troops  ;  two  guns,  with  their  de- 
tachments, constitute  a  division ;  one,  a  subdivision. 

The  waggons,  although  numbered  with  their  guns,  are  not  to  be  considered  as  part 
of  the  subdivision ;  but  while  they  remain  with  them,  they  are  to  conform  to  every 
movement. 

It  may  be  sometimes  necessary,  in  the  march  of  columns,  even  to  diminish  thefrt>Dts 
of  detachments ;  each  detachment  is  therefore  told  ofiT  in  iwo9. 
n  of  When  two  or  more  troops  are  to  act  together,  they  are  formed  in  line,  and  told  off 

^^^^'  in  the  same  same  manner  as  for  a  single  troop ;  the  Captains  are  one  horse's  length 
in  front  of  the  centre  of  their  respective  commands,  which  commands  will  be  allotted 
to  them  by  the  Commanding  Officer ;  and  when  the  reports  are  collected  and  made 
to  him,  he  will  number  them  by  troops  and  half-troops  from  the  right. 

WHEELING. 

Wheeling  is  a  most  essential  operation,  necessary  in  many  changes  of  position,  and 
in  the  formation  of  column  and  line. 
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Whra  •  Iroop  ia  to  wbeel,  a  caution  ii  ^ven  for  that  purpoK,  and  to  which  hand. 
At  the  word  "  March,"  the  front  rank  dreues  by  the  Officer  on  the  wheeling  fluk, 
who  fiiea  hil  eyea  and  makei  hia  circle  on  the  itanding  Bank  man,  and  takea  care 
that  he  doe*  Dot  exceed  a  moderate  gallop. 

The  leader  muM  take  care  to  time  hi*  words  "  HaU — Dren"  before  the  wbeel  ii 
Mmpleled,  otherwiae  an  over-wheel  and  reining  back  will  be  the  conaeqnence.  The 
whole  halt,  and  drcM  lij'  the  standing  flank. 

The  troop  breaks  into  column*  of  liny  of  the  part*  into  which  it  ii  told  off,  bf  each 
of  tboae  part*  wheeling  ap  the  quarter  circle. 

If  the  body  is  in  motion,  the  wheels  begin  at  the  word  "  Wlutti"  if  halted,  they 
•re  to  begin  at  the  word  "  March." 

In  all  wheeling*,  the  conductars  of  the  tubdivitioni  look  to  the  Officer  or  the  non- 
commiuioned  Officer  on  the  wheeling  hand,  and  their  anbdiTiaioni  look  to,  and  dreai 
by  them :  at  the  ward*  "  Hall — Drm,"  the  whole  are  dreaied  to  the  standing  Oaak, 
and  remain  so  till  t  new  direction  is  given,  which  will  be — 

'  Ejtti  i    oi' ttfl'    (^  '^'  pivot  llaak  when  neeeuary. 

Distaneei  in  column  are  preaerved  btim  front  rank  to  front  rank. 

When  the  line  ia  to  be  formed  hy  the  wheeling  up  of  it*  division*,  there  moat  be 
no  ftbe  interrala  i  the  pivot  man  of  the  wheel  tumi  his  hone  on  hi*  fore  feet,  keeps 
hi*  ground,  and  come*  gradually  roimd  with  the  rank. 

Wheel*  of  dtrisions  of  the  line  are  made  on  a  halted  or  a  movable  pivot ;  they  are 
made  &om  line  into  colnmn,  or  froin  column  into  line,  and  also  by  the  column  of 
mantEuvre  or  march,  when  moving  on  a  considerable  front,  and  when  the  wheel  by 
which  ita  direction  ia  to  be  changed  approaches  to  or  exceed*  the  quarter  circle. 

When  on  a  movable  pivot,  tbe^  are  generally  uied,  and  ordered  when  the  front 
of  the  column  i*  small  and  its  path  winding  and  changeable.  Although  after  the 
completion  of  the  wbeel  in  colnmn  or  on  a  halted  pivot,  the  panae  made  gives  time, 
in  large  front*,  for  exact  dre>*ing  before  the  march  is  resumed,  yet  in  small  one*, 
where  that  panae  i*  abort,  there  i*  no  time  for  soch;  attention  to  the  preservation  of 
the  true  di*tBnce  being  the  material  object.  Whenever  the  wheel  made  is  less  than 
tbe  qaarter  drcle,  the  pan*e  after  the  wbeel  will  be  coneiderable :  should  the  wbeel 
be  greater  than  the  quarter  circle,  it  mu*t  be  accelerated,  otherwise  more  than  one 
diviiion  vrill  be  arrived,  and  arrested  at  the  wheeling  point.    Whatever  ia  the  ftont 


MANCBUVRING   HORSE   ARTILLERY.  329'*' 

whence  arriyes  at  the  grotind  on  which  the  first  hegan  to  wheel,  will  in  the  same 
manner  follow  his  exact  tract,  always  preserving  his  proper  distance  from  him. 

When  the  change  is  to  he  made  to  the  reverse  fiank,  the  pivot  leader  having 
arrived,  as  before,  at  the  spot,  when  he  gives  his  word — 

or  *Ufi  *  I  *  shouidert  forward  * 

for  each  man  to  give  a  small  turn  of  his  horse  from  the  pivot  hand,  will  begin,  in  his 
own  person,  to  circle  gradually  into  the  new  direction,  so  as  to  enter  it  20  or  30  yards 
frt>m  the  point  of  intersection  of  the  two  lines,  when  he  will  give  the  word  *  Forward.* 
During  the  change  of  either  hand,  the  whole  continue  to  look  to  the  pivot  flank, 
which  never  alters  its  former  rate  of  march :  in  the  one  case  the  reverse  flank  is 
obliged  to  slacken,  and  in  the  other  to  quicken  its  movement.  In  this  manner, 
without  the  constraint  of  formal  wheels,  a  column,  when  not  confined  on  its  flanks, 
may  be  conducted  in  all  kinds  of  winding  and  changeable  directions ;  for  if  the 
changes  be  made  gradual  and  circling,  and  pivot  leaders  preserve  their  proper  path  at 
the  same  uniform  equal  pace,  the  true  distance  of  divisions  will  be  preserved,  which 
is  the  great  regulating  consideration  on  this  occasion,  and  to  which  every  other  must 
give  way. 

The  command  to  reverse  means  that  each  gun  and  detachment  is  to  go  about  on 
its  ovm  ground,  the  one  quite  independently  of  the  other ;  it  is  therefore  very  rarely 
given,  but  when  the  detachments  are  in  front  or  rear  of  their  guns,  the  word  *  Right  * 
or  '  Lrft,*  prefixed  to  *  Reverse,*  denotes  to  which  hand. 

In  putting  subdivisions  about  by  sound  of  bugle,  the  following  rules  are  to  be 
observed : — 

With  detachments  either  in  front  or  rear,  it  means  they  are  to  reverse  to  their  left  *, 
with  detachments  on  the  left,  to  wheel  to  the  right  about ;  and  with  detachments  on 
the  right,  to  wheel  to  the  left  about. 

MARCHINO   IN    LINB. 

The  line  being  supposed  halted,  and  dressed  for  the  purpose  of  advancing,  the 
leader  of  the  directing  subdivisions  instantly  endeavours  to  remark  two  or  more 
objects  in  his  front  which  are  exactly  perpendicular  to  the  direction  of  the  line :  on 
the  word  *  March^*  he  is  to  move  on  those  objects,  taking  particular  care  as  he  ap- 
proaches them  to  take  up  others  in  the  prolongation  of  the  direction  in  which  the 
line  is  moving. 

It  must  be  the  particular  care  of  conductors  of  subdivisions,  during  the  advance,  to 
retain  their  proper  distances  from  each  other. 

Inclining  is  a  movement  by  which  a  line  or  any  part  of  it  is  carried  on  in  a  parallel 
direction,  at  the  same  time  that  it  is  gaining  gronnd  to  a  flank ;  it  is  equivalent  to  the 
oblique  march.  *  Right '  or  *  Left — incline,*  At  the  word  *  Incline/  each  man  turns 
his  horse  on  his  fore  feet,  to  the  hand  to  which  he  is  to  incline,  and  the  whole  look 
to  that  hand.  At  no  time  during  the  incline  ought  the  former  front  of  the  line  to  be 
in  the  least  degree  altered ;  that  whenever  the  word  *  Forward  *  is  given,  the  line  (by 
each  man  at  the  same  instant  turning  his  horse)  may  be  in  a  direction  perfectly 
parallel  to  the  former  front,  and  ready  to  dress,  or  move  on  by  either  flank  or  centre. 
It  has  been  ascertained  that  the  greatest  angle  at  which  cavalry  can  incline  is  34°, 
but  artillery  (in  consequence  of  the  intervals  between  subdivisions)  can,  if  necessary, 
incline  to  a  much  greater  angle. 

PACES. 

The  walk,  trot,  and  gallop,  are  the  three  paces ;  and  of  each  of  these  there  are 
VOL.    II.  "2  A 
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diSb-ant  degTMi  of  quickueHi  but  it  U  «M«nti»l  to  tbc  perfect  monineat  of  tbc 
troopi,  thit  era;  horae  ihill  moTe  Bt  the  pica  ordered.  Different  pteei  ongbt  not  to 
be  anBreRd  in  •  body  moTing  tt  the  ume  rate.  The  Cinlry  Regnlations  (Sec  IS, 
16}  muit  be  itiictl;  tdhered  to. 

All  ilteratiDDi  of  pace  muit  be  made  by  each  leptrale  body  compoaing  a  line  or 
colafflD  as  neartf  together  ai  pouible.  Though  in  slow  movementi  of  the  line  or 
column,  or  on  a  march,  the  walk  i>  the  common  pace,  yet,  Id  general,  alt  changst  erf 
poaitian  ahonld  be  made  at  the  tiot  or  the  gallop,  according  to  circnmatancea,  be- 
ginning and  ending  gently,  to  aioid  confiuion  in  forming :  the  intermediate  time  of 
inch  movement*  may  be  conducted  with  rapidity,  and  much  depend*  on  tbe  eye  o( 
the  Officer,  and  in  well-timing  the  wordi  of  command. 


All  command*  mut  be  gixen  by  Offlcera,  in  a  firm,  loud,  and  eiplidt  maniuv ; 
•rery  Officer  muit  therefore  be  acctutomed  to  give  inch  command*,  even  to  tbe 
imdleit  bodiea,  at  the  full  extent  of  liii  Toice :  by  *nch  bodie*  be  mutt  not  only  be 
heard,  but  by  the  leader*  of  other*,  viho  are  dependent  on  hit  motion*. 

Command*  of  caution,  being  inch  a*  are  preparatory  to  a  moiement,  abonld  be 
infflciently  full  and  explanatory.  Command*  of  execution  *hoDld  be  *bort,  and 
arniding  nne«)enti*l  word*. 

The  Officer  commanding  give*  and  repeat*  all  general  commands,  which  are  al*a 
quickly  repeated  by  all  tbe  Officer*  and  by  tbe  aenioi  non-con)mi*9ioned  Officers  of 
aucfa  division*  a*  bixe  do  Officer:  it  i*  only  when  troop*  are  broken  into  part*,  that 
there  ia  no  Officer  attached  to  the  lubdiviaiou,  that  tbe  Nob.  1  give  command*,  and 
thoae  are  chiefly  executory,  a* '/iaif — i>re*i,'etc. :  alao  the  *eTeri1  word*  neceaiary  for 
the  wheel*  made  in  column  of  march  by  auhdivision* ; — the  teieral  words  necetaaiy 
when  tbe  anbdiviBiont  come  up  succeasively  from  column  into  line,  and  in  general 
whenever  the  inbdiviaioni  are  moving  ai  diatinct  though  dependent  hodiei ; — hut  the 
wheeling  from  genera]  column  into  line,  or  from  tine  into  general  column,  i>  made  at 
the  vrord  'Mareh,'  repeated  by  the  Officer*  and  non-commi*tianed  Officer*  commanding 
diviiioni  only.  Tbe  whole  column  or  line  i*  alao  put  in  motion  according  to  the 
tame  rule;  but  all  general  word*  of  command  given  by  the  Commanding  Officer  to  the 
whole  when  in  motion,  should  be  initanlly  repeated,  not  only  by  the  Officer*  and  noa- 
commissioiiedOIScerscoinmiiniliDiiciiviaions,  butftliubylhi:  nQn-comniiasipned  Officer* 
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ehangei  of  position  of  a  considerable  body,  formed  in  line,  attempted  while  on  the 
more,  and  not  proceeding  from  a  previoos  halt  (howerer  short),  will  be  false  and 
defectiye ;  the  effects  of  which,  although  not  apparent  in  a  single  troop,  would  be 
Tery  obTious  in  a  line  or  column  of  any  extent :  a  pause  between  any  change  of 
situation,  so  essentially  necessary  to  moTcments  of  great  bodies,  should  sddom  be 
omitted  in  those  of  small  ones. 

Squareness  of  dressing,  the  exact  perpendiculars  of  march,  and  the  oorreet  relattre 
position  of  the  whole,  are  thereby  ascertained. 

Such  alterations  of  position,  made  from  the  halt,  may,  when  necessary,  succeed  each 
other  instantly ;  no  time  need  be  taken  up  in  scrupulous  dressing,  that  every  one  may 
be  immediately  apprised  of  the  moTcment  which  is  to  follow. 

In  the  moyements  of  a  single  troop,  and  in  the  taking  up  a  new  position,  it  may 
not  seem  material  whether  a  flank  of  it  is  placed  a  few  yards  to  the  one  hand  or  the 
other,  or  whether  the  line  formed  on  is  exactly  directed  to  any  certain  point ;  but 
when  a  troop  makes  a  part  of  a  more  considerable  body,  if  its  formations  are  not 
correct,  it  will  create  general  confusion,  and  give  folse  directions  and  distances  to 
those  whose  situations  may  be  determined  by  it. 

The  necessity  of  every  single  troop  being  accustomed  to  make  its  changes  of 
position  and  formations  on  determined  pointy  is  therefore  obvious. 

Every  leader  of  a  body  moving  on  any  front  whatever,  who  means  to  conduct  it 
in  a  straight  line,  must  march  upon  two  p<unts  which  cover  each  other ;  if  such 
points  are  not  ascertained  for  him,  he  must  instantly  determine  them  for  himself ;  and 
if  no  strong  and  marked  objects  present  themselves  in  the  direction,  he  can  never 
fail,  by  casting  his  eyes  along  the  ground,  to  find  such  small  ones  as  will  answer  his 
purpose ;  and  these  he  renews  from  time  to  time,  as  he  approaches  them.  To  march 
straight  on  one  object  only,  with  certainty,  and  without  wavering,  is  not  to  be 
depended  on. 

MARKERS,   IN    PORMINO   LINE. 

When  a  column  is  wheeled  up  into  line,  the  front  rank  is  dressed  on  the  marker's 
horses'  heads,  so  that  the  men  of  the  front  rank  will  of  course  be  half  a  horse's 
length  from  the  line  of  the  horses'  heads  of  the  marking  persons.  The  same  rule  is 
to  be  observed  in  all  formations  of  line,  as  well  as  in  the  connecting  of  a  line,  when 
it  is  necessary  to  throw  out  markers  for  that  purpose.  With  the  guns  in  rear  or  on 
a  flank,  the  Nos.  1  march  on  the  marken ;  and  with  guns  in  front,  the  leading  driven 
are  marched  on  them. 

The  markers  for  these  formations  (except  for  action)  are  not  to  quit  their  ground 
till  all  the  necessary  dressing  is  accomplsshed,  and  they  are  directed  so  to  do  by 
* Eyet front*  from  the  Commanding  Officer. 

MOVEMENT    FROM    ▲    FLANK   OR   FLANKS. 

If  a  line  is  ordered  to  move  off  from  any  part  of  it  in  a  column  or  columns,  the 
following  rules  will  serve  as  an  explanation  for  all  cases  that  can  occur.  If  a  troop 
in  line  with  detachments  on  the  left  of  their  guns,  is  ordered  to  advance  from  the 
right  in  a  column  of  divisions,  the  Officers,  having  repeated  the  words  of  command, 
will  immediately  place  themselves  on  what  is  to  become  the  pivot  flank  of  their 
respective  divisions,  by  shifting  along  the  front :  on  the  word  *  March,*  the  whole 
move  off  at  the  pace  ordered ;  the  right  division  straight  on ;  the  remainder  wheel  to 
the  right  by  subdivisions,  and  move  on  without  any  pause ;  and  as  soon  as  the  second 
division  covers  the  first,  that  is,  when  the  third  subdivision  coven  the  first,  and  the 
fourth  coven  the  second,  it  is  wheeled  to  the  left  by  subdivisions :  the  other  divisions 
will  be  wheeled  up  in  the  same  manner,  as  they  cover  in  the  new  direction. 

2  A  2 
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In  letiring  from  the  right  Bink,  on  the  word  '  March,'  the  two  right  nibdiTuioiii 
wheel  to  the  ri^t  tboot,  and  then  more  on;  the  ather  diTuiooi  follow,  u  ilTcmdy 
directed. 

In  retiring  fiom  the  left,  the  two  iDhdiTiaioas  on  the  left  of  the  line  wheel  to  tlie 
kft  abonL  la  wme  gmo  howerei  the  abore- mentioned  method  of  retiring  from  > 
flank  miy  be  coniidered  objectionilile ;  for  iastance,  if,  after  baring  retired  from  the 
rigbt  in  thia  manner  in  a  column  of  diviiiona,  it  becomea  ncceaury  to  wheel  into 
line  to  the  left,  the  coniequence  would  be,  that  after  having  wheeled  into  line,  the 
order  in  wbicb  the  diritioni  were  originally  told  off  would  be  inverted :  tb«  aecond 
anbdiviaiou  would  be  on  the  right  of  the  firit ;  the  faarth  on  the  rigbt  of  the  third ; 
and  the  uith  on  the  rigbt  oT  the  fifth.  Therefore,  when  the  next  formation  is  foreaeen, 
and  that  it  i*  inch  aa  will  aflfect  the  original  order  of  the  snbdiviiioni,  according  to 
the  rule  already  explained,  tbe  Commanding  Officer,  when  be  wishes  to  retire  from  the 
rigbt  Bank  by  diviaiaDa,  will  change  the  front  of  the  right  division  by  lubdivinona 
wheeling  inwards  about ;  tbe  remaining  diviaioni  wheel  to  the  right,  and  follow  the 
Bnt  diviaion.   The  aame  principle  ia  applicable  to  retiring  from  tbe  left  flank. 


It  iea  genetBl  rale,  in  all  fDrmationiqf  line  from  open  column,  that  the  part  of  the 
column  next  to  that  which  ii  to  be  formed  on  (in  order  to  enable  it  to  form  perfectly 
aquire]  iball  make  two  aquare  movementi ;  the  remainder,  to  avoid  going  over  nn. 
neceaaary  ground,  need  only  throw  shoulders  forward.  ?rom  close  column  the  whole 
must  neceuarily  make  two  iqnare  movementi. 

These  rules  apply  equally  with  columna  of  every  &oat. 


A  troop  formed  in  line  occupies  100  yarda  nearly,  when  it  movei  from  a  flank  in  a 
colnmn  of  aubdiviaiont  (nithoat  ammnnition  waggoni):  with  (be  detacbmenti  in 
front  or  rear  of  their  gum,  it  occupies  about  a  third  more  than  it  did  in  line ;  but  if 
it  movet  from  a  flank  in  a  column  of  subdivision),  with  detachments  on  a  flank  of 
their  guni,  by  divisiooi,  or  in  a  column  of  a  larger  front,  tbe  distance  between  tbe 
&ont  and  rear  pivot  Officers  is  leu  than  the  troop  occupied  in  line,  by  the  front  of  the 
column,  whatever  it  ia. 

3  for  tbe  imrposc  of  movemtpl.  each  of  tl 
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of  the  fourth  snbdivision,  the  left  Officer  continuing  where  he  was ;  and  the  Officer 

on  the  right  continues  there  to  conduct  that  half  troop, 
iden  in        j^  wheelmg  to  a  flank  hy  divisions,  if  to  the  right,  the  Officer  on  the  right  shifts  to 
»•  the  left  of  his  division ;  the  Officer  next  the  centre  to  the  left  of  his  division,  and  the 

Officer  on  the  left  of  the  troop  remains  on  the  left  of  his  division.   If  the  divisions  are 

to  wheel  to  the  left,  the  Officers  who  are  not  already  there  shift  to  the  right  of  their 

divisions, 
iden  in        In  wheeling  by  subdivisions,  if  to  the  right,  the  Officers  are  to  be  on  the  left  of  the 
ions.        ^n^>  third,  and  sixth  subdivisions ;  if  to  the  left,  on  the  right  of  the  first,  fourth,  and 

sixth  subdivisions. 

NBCBSSARY   BXTBNT   OF  A   COLUMN   OF  MAKCH. 

It  is  a  general  rule,  seldom  to  be  deviated  from  (when  it  can  be  avoided),  that  a 
troop  when  moving  in  a  column  ought  not  to  occupy  more  ground  than  in  line.  In 
all  wheels  of  a  column  to  change  its  direction,  with  a  larger  front  than  subdivisions, 
on  a  fixed  flank,  the  outward  Officer,  or  non-commissioned  Officer  (when  there  is  no 
Officer  with  the  outward  subdivisions),  directs  the  wheels,  the  quickness  of  which 
must  be  at  least  double  the  rate  of  marching,  or  the  wheeling  point  would  not  be 
cleared  in  time  for  each  successive  division.  In  changes  made  on  a  movable 
flank,  the  outward  Officer  or  non-commissioned  Officer  also  directs, 
he  line  '^^^  whole  line  or  column  should  always  be  so  correctly  dressed,  that  when  the 
word '  Haltf*  is  given,  the  whole  shall  halt  together ;  but  should  at  any  time  the  diffi- 
culties of  ground,  or  any  other  cause,  have  opened  out  the  column,  or  thrown  subdi- 
visions out  of  the  line,  in  such  case  the  halt  of  such  must  be  successive,  that  is, 
they  will  not  be  halted  till  they  regain  their  proper  situation. 

The  general  object  of  a  considerable  close  column,  is  to  form  the  line  to  the  firont 
in  the  quickest  manner  possible,  to  conceal  numbers  from  the  knowledge  of  the 
enemy,  and  to  extend  into  whatever  direction  the  circumstances  of  the  moment  may 
require,  which,  till  it  is  nearly  accomplished,  cannot  be  obvious  to  them. 

A  close  column  of  cavalry  has  generally  a  front  of  half  squadrons,  and  when  it  is 
meant  to  deploy  into  line,  it  very  frequently  doubles  its  front  into  squadrons. 

A  close  column  of  horse  artillery  will  be  composed  of  divisions,  or  of  a  greater 
front,  according  to  circumstances.  In  close  column  it  will  be  found  sufficient  to 
have  distances  of  two  horses'  lengths  from  the  rear  of  subdivisions  to  the  front  of 
covering  subdivisions. 

The  changes  of  direction  in  a  close  column  must  always  be  made  on  a  movable 
pivot,  to  enable  its  rear  gradually  to  comply. 

In  deploying  into  line,  the  whole  do  so  by  making  two  square  movements,  viz., 
by  wheeling  twice.  Cavalry  deployments  from  close  column  are  generally  made  at 
the  head  of  the  column. 

MARCH    IN   LINE. 

It  requires  the  greatest  attention  to  march  well  in  line :  the  subdivisions  dress  by 
their  respective  leaders,  who  must  be  particularly  careful  in  preserving  their  distances, 
and  guard  against  closing  on  each  other. 

When  any  part  of  a  line  is  interrupted  by  an  obstacle,  each  subdivision,  on  ap- 
proaching it,  will  throw  shoulders  forward,  or  wheel,  if  necessary,  and  continue  its 
march  in  rear  of  the  nearest  subdivision  which  has  not  been  so  interrupted. 

In  proportion  as  the  subdivisions  pass  such  obstacles,  and  that  the  ground  permits 
them  to  form  in  line  again,  they  will  move  up  into  their  proper  places  (where  a  void 
space  has  been  preserved  for  them)  by  throwing  shoulders  forward. 
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A  colmnn  ihoDld  not  occapjr  ■  greater  eiUot  irf  ground  than  what  it  takei  to  ttaiid 
on  in  line :  it  therefore  foUows,  that  whateiei  chutes  are  neceiurj,  the  colama 
ODght  Bot  to  be  lengthened  oat  while  it  cao  be  amided.  The  front  of  a  colamn  mar 
b«  increued  or  diminiihed,  either  in  motioD  or  olieo  faRlUd  ;  in  motian  it  i>  per. 
(omied  either  laccesuiely  aa  each  part  airiTci  at  the  apot  where  the  head  oF  the 
eoluma  performed  the  operation,  or  hy  all  at  the  lame  moment ;  in  both  caiei,  the 
Commiodiog  Officer,  nheo  he  intends  reducing  or  increating  (he  front,  gives  the 
eautioD,  and  the  leader)  tbe  Decewu7  comtoaniii,  taking  care  that  the  radiating 
ditiuona,  aubdiTiaiona,  etc.,  oner  alter  the  pace  at  which  the  colamn  naa  marching, 
but  proceed  aa  if  they  were  totally  uncoonected  with  what  the  othen  were  per- 
forming )  tbe  proper  piTot  ia,  howcrer,  alway*  to  be  preaerred,  nnleu  drcamstaDcei 
require  that  it  ahould  for  the  moment  be  diapenaed  with. 

While  the  detachmentt  are  on  a  flank,  acolomn  ofinbdiTisionadoeinot  cause  anj 
lengthening  onti  if  it  ia  atill  neceaaary  to  decreaae  the  front  of  the  column,  the 
detachments  may  be  ordered  in  front  or  rear  of  their  guna  :  if  more,  by  throwing  out 
a  file,  one  in  front,  tbe  other  in  rear ;  it  may  be  neceisaiy  to  decrease  it  sometimes 
ttill  farther  (when  there  ia  not  room  for  tbree  filea  abreaat),  by  doabling  the  left  files 
behind  the  right,  the  word  of  command  for  which  ia, '  Lefl  twos,  right  donile.'  Filing 
from  a  flank  aaiwen  the  aame  purpose. 

If  a  cclumB  of  subdiiiaiona  right  in  front,  is  in  motion,  and  the  Commanding  Officer 
wishes  to  increase  the  front  of  the  column  in  aucceision,  the  Officer  at  the  head  of 
the  column,  halting  in  his  own  penon,  orders  to  the  revene  Bank  all  the  labdiiisions 
that  are  in  front  of  the  aubdiviaion  which  wiU  became  the  pivot  one;  the  aub- 
dirisions  so  sent  to  the  reverse  flank  taldng  their  btervals,  dressing,  and  rate  of 
march,  bom  tbe  pivot  gun. 


In  tbe  movements  of  cavalry,  the  countermarch  of  lines  and  columns  ia 
necessary ;  in  tfaoM  of  the  horse  artiltery  tbe  former  is  aeldom  or  never  required ;  but 
the  conntennarcb  of  the  column  is  perfectly  applicable,  wben  it  ia  desirable  it  shall 
face  in  the  contrary  direction,  and  preserve  its  line  of  pivots. 

In  tbe  conntermareh  of  a  column  right  in  front,  tbe  Commanding  Officer  will  give 
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The  obliqve  change  in  echdon  U  produced  by  the  wheel  leu  than  the  quarter 
eirde  of  tabdiTinons ;  it  is  therefore  practised  when  it  is  wished  to  mofe  to  the  front 
or  rear,  and  at  the  same  time  to  gain  ground  to  a  flank. 

The  direct  echelon  is  produced  by  the  perpendicular  and  soccessiTe  march  of  sub- 
divisions to  front  or  rear. 

CHKQUKRBO  BSTRKAT  OF  THE  LINK. 

The  movements  of  a  corps  of  cayalry  retreating  will  be  generally  more  or  less  ac- 
complished by  chequered  movements. 

Cavalry  frequently  retire  by  alternate  squadrons  or  half-squadrons ;  no  determi- 
nate rule  can  however  be  laid  down  for  the  movements  of  horse  artillery  attached 
to  cavalry,  in  such  cases,  as  they  must  very  much  depend  on  the  nature  of  the  country 
to  be  defended. 

With  cavalry,  the  line  is  told  off  by  alternate  right  and  left  squadrons  and  half- 
squadrons  ;  and  of  two  that  are  contiguous,  one  for  the  direction  of  each  line  is 
announced.  When  it  is  the  intention  to  retire,  the  right  squadrons  or  half-squadrons 
are  ordered  to  stand  fast ;  the  left  go  about  by  threes ;  the  retiring  part  marches  a 
certain  distance,  and  when  ordered,  halts  and  fronts :  this  serves  as  a  signal  for  the 
advanced  part  of  the  line  to  begin  its  retreat  in  the  same  manner,  when  each  goes 
through  its  proper  interval,  and  when  ordered,  halts  and  fronts  :  the  alternate  retreat  is 
thus  continued  at  the  rate  ordered,  while  found  necessary. 

As  a  general  rule  (subject  to  exceptions),  the  artillery  will  be  on  the  flanks  of 
regiments  or  brigades,  according  to  circumstances,  and  told  off  right  and  left  subdi- 
visions, divisions,  or  half  troops,  in  proportion  to  the  number  of  guns ;  the  right 
retiring  with  the  right  squadrons  or  half-squadrons,  the  left  guns  with  the  left,  each 
unlimbering  when  halted,  and  firing  when  it  can  be  done  with  effect. 

In  many  situations,  especially  when  a  retreat  is  conducted  with  order,  and  slowly, 
it  vrill  be  found  that  the  retiring  with  the  prolong  has  many  advantages;  by  that 
method  a  constant  fire  may  be  kept  up,  and  the  frequent  limbering  and  unlimbering 
(by  which  much  time  is  lost)  is  avoided. 

In  a  third  method,  where  ground  and  other  circumstances  will  admit,  the  whole  of 
the  guns  may  remain  with  the  rear  squadron,  which  will  give  confidence  to  the 
cavalry,  and  check  the  enemy  in  porportion. 


MANCEUVRES  OF  FIELD  BATTERIES.*— Artillery  of  mancBuvre  con- 
stitutes the  field  artillery  of  an  army.  It  consists  in  the  British  Service  of  the  two 
divisions  of  Horse  Artillery  and  Field  Batteries :  the  former  to  accompany  cavalry, 
the  latter  for  infantry.  The  difference  between  these  two  is  described  in  a  few 
words.  In  the  horse  artillery  the  gunners  who  work  the  gun  are  carried,  and  ac- 
company it  on  horseback.  In  the  field  batteries  the  same  men  are  on  foot,  or  they 
are  carried  on  the  carriages. 

A  troop  of  horse  artillery  and  a  field  battery  usually  consists  of  six  pieces  of  ord- 
nance, viz.  4  guns  and  2  howitzers.  They  are  accompanied  on  Service  by  a  con- 
siderable number  of  ammunition  waggons  and  other  carriages. 

The  carriage  to  which  the  gun  is  attached  is  called  a  limber,  and  carries  a  certain 
number  of  rounds,  varying  according  to  the  calibre  of  the  gun,  ready  for  the  most 
immediate  service. 

The  ammunition  waggon  is  also  divided  into  two  parts,  called  the  waggon  body 


*  By  Colonel  Ktsmayer,  C.B.,  R.A. 
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■nd  the  rnggOD  limber.  Tbej  ire  attached  to  each  other,  and  movable  in  the  ttme 
maaner  B(  the  gnn  and  ita  limber.  The  main  lupplj  of  ammnnitioD  ia  carried  in  tbcie 
vaggonii  the  iraggon  limber  carrTiog  the  lune  number  of  ronndi  aa  the  gun  limber, 
and  the  waggon  bodj  twice  as  manj  u  the  limber. 

The  guns  and  their  limbers  form  what  is  usually  the  mancBDvring  put  irf  a  tm^ 
or  battery,  and  they  are  designated  the  first  line  of  carritgei. 

The  fint  6  ammusition  waggons  constitate  the  2nd  line  of  carriages.  The;  thould 
coDform  th^  moTements  to  their  guns.  On  ordinaiv  occasions  of  drili  or  exercise 
they  always  nianieuTre  with  the  gum  of  a  field  batter;,  and  in  rapid  movements  it  ia 
neecaatry  they  should  do  so,  as  the  gupners  can  only  keep  up  by  being  carried  on 
them.  The  carriages  remaining  after  Ihctc  G  can  alone  be  considered  spare.  No 
troop  of  horse  artillery  or  field  battery  could  safely  venture  into  a  general  action  with- 
out having  its  second  line  of  itaggoni  tolerably  near  it  hand.  The  supply  of  atnmn- 
nition  in  a  gun  limber  alone,  especially  trilh  any  calibre  ibove  a  6-pounder,  being 
likely  to  became  eibauited. 

A  Geld  battery  and  i  troop  of  hone  artillery  being  preciiely  the  same  in  every  re- 
spect, all  the  nianasiivres  performed  by  the  one  can  be  in  like  manner  performed  by 
the  other,  and  vrhatever  applies  to  the  movements  of  one  applies  equally  to  both. 
Either  can  manieuvre  with  or  accompany  cavalry  or  infantry,  and  both  have  been  re- 
peatedly called  upon  to  do  so. 

The  different  mode  of  conveyance  of  the  gunncrt  makes  eome  difference  in  the 
detuli  for  drill,  but  none  iu  manicuvring, 

A  field  battery  requiring  to  mmfeuvre  rapidly,  like  hone  artillery,  tnuit  be  ac- 
companied by  ita  second  line  of  carriages.  In  this  state  the  risk  of  casualties  vrould 
be  increased  beyond  what  it  would  be  if  this  second  line  of  carriages  could  be  kept 
out  of  fire  :  but  the  posiibilily  of  running  short  of  ammunition  would  be  diminished. 
A  troop  of  horse  artillery  can  move  with  rapidity,  hiving  its  guns  only,  but  it  ex- 
poses more  mat^el  of  hones  and  men  to  the  lire  of  an  enemy  Iban  a  field  battery, 
and,  without  its  w^^ons,  it  ia  continually  liable  to  a  want  of  amniunitiao. 

Ten  yarda  is  the  distance  nominally  allovcedin  action  for  the  limhera  to  be  in  rear  of 
their  giini.  Thia  diitkuce  canaot  he  materially  increased  without  producing  a  stack- 
new  of  Art  and  entailing  great  fatigue  on  the  numbers  employed  in  bringing  up  am- 
■Dunition.  It  is  nevertheless  most  desirable  that  cover  for  the  ammunition  waggons 
and  limbera  should  be  obtained  in  action  if  the  nature  of  the  ground  will  conveniently 
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PARADE    AND    INSPKCTION. 

When  a  battery  is  to  turn  out,  and  boot  and  saddle  has  been  sounded,  the  Officer 
on  duty,  the  non-commissioned  Officers,  drivers  and  horses  turn  out  immediately ;  the 
gunners  fall  in  by  gun  detachments,  and  are  inspected  and  told  off  by  the  non-com- 
missioned Officers.  The  Subaltern  on  duty  marches  the  men  and  horses  to  the 
guns,  forms  the  detachments  in  order  of  march,  and  horses  in.  He  then  inspects  the 
battery,  receiving  a  report  from  the  non-commissioned  officer  of  each  subdivision. 

The  battery  limbered  up  is  told  off  by  subdivisions,  divisions,  and  half  batteries. 

1  gun  and  its  waggon  constitute  a  subdivision. 

2  subdivisions  „  a  division. 

3  subdivisions  „  a  half  battery. 

It  is  numbered  from  right  to  left  by  subdivisions.  It  is  told  off  into  3  divisions. 
No.  1,  the  right.  No.  2,  the  centre.  No.  3,  the  left.  Subdivisions  Nos.  I,  3,  and 
5,  are  abo  distinguished  as  right  subdivisions  of  divisions,  and  2,  4,  and  6,  as  left 
subdivisions  of  divisions.     A  gun  of  direction  is  also  named. 

The  spare  carriages,  when  with  battery,  are  formed  into  a  third,  and  if  sufficiently 
numerous,  into  a  fourth  line. 

POSTS   AND    DUTIES    OF   OFFICERS    AND    MOUNTED    NON-COMMISSIONSD    OFFICERS 

AT   EXERCISE. 

Second  Captain,  in  line^  Umbered  up^ — one  horse's  length  in  rear  of  the  centre. 

In  eolumnt — ^two  horses*  lengths  from  centre  of  reverse  flank. 

In  action^ — he  assists  Captain  in  general  superintendence.  He  dresses  all  points 
of  formation,  gives  the  word  steady  when  they  have  been  correctly  taken  up,  and 
the  formation  complete;  when  required,  he  commands  a  division.  His  duties 
generally  are  analogous  to  those  of  a  major  in  a  regiment  of  infantry. 

Subalterns,  in  line,  limbered  up. — The  senior  on  the  right  of  the  right  division ;  the 
2nd  on  the  left  of  the  left  division  ;  the  junior  on  the  right  of  the  centre  division. 

In  column  of  routet — on  the  pivot  flanks  of  the  respective  divisions. 
,In  column  o/  divisions j — on  the  pivot  flanks  of  their  respective  divisions. 

In  column  of  half  batteries. — The  Subaltern  of  the  centre  division  on  the  pivot 
flank  of  the  leading  half  battery  ;  the  others  continue  on  the  same  flank  of  their 
Subdivisions  as  when  in  line. 

In  action^ — between  the  guns  of  their  divisions,  a  little  in  rear. 

Staff  Sergeants,  in  line,  limbered  up. — The  senior  on  the  right  of  the  marker  of  the 
right  subdivision ;  the  junior  on  the  left  of  the  marker  of  the  left  division. 

In  column  of  rout Cf — one  on  the  reverse  flank  of  the  leading  gun ;  the  other  on  the 
pivot  flank  of  the  rear  carriage. 

In  column  of  divisions f— one  between  the  guns  of  the  leading,  the  other  between  the 
guns  of  the  rear  division. 

In  column  of  half  batteries, — on  the  reverse  flank  of  the  waggons  of  each  battery. 
They  take  up  all  points  in  changes  of  position. 

Markers,  in  line,  limbered  up. — In  line  with  the  leaders  of  the  waggons,  and  cover- 
ing their  officers. 

In  column  of  route, — ^with  their  leading  waggons  covering  their  Officers.  Without 
waggons,  covering  their  Officers,  and  in  line  with  the  centre  horses  of  the  gun. 

In  column  of  divisions  and  ha\f  batteries. — They  cover  their  officers ;  without 
waggons,  on  the  reverse  flank  of  their  division.  They  take  up  points  with  the  staff 
sergeants,  in  changes  of  position. 

Farriers  and  Artificers. — The  farrier  is  generally  attached  to  the  forge;  but  when 
the  battery  is  limbered  up,  he  is  in  the  centre,  in  rear  of  the  2nd  Captain.  The  other 
artificers  are  told  off  in  gun  detachments  when  not  mounted. 
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Tmnpcten,  in  Hm,  llmitrtd  itp.~^n  the  right  of  th«  tulterj,  in  line  with  it,  one 
boiM'i  length  diituit. 

All  Ihii  detiil  ii  oalj  lor  drill  or  exerciMt  on  ordinary  pirade. 

The  muKEOTra  of  t  batter)'  are  execated  by  moTementi  ham  line,  column  ud 

A  balMry  in  colamii  ihould  not  present  a  smiller  front  than  that  of  divUiona, 
except  for  paaaing  obitadei,  parking  and  unparking;,  and  route  marching. 

A  battery  or  any  nnmber  of  batteriei  acting  with  other  troops,  thould  conform  to 
their  movementi,  and  proceed  to  the  po«iiion»  allotted  to  them  in  the  aimplett  and 
most  expeditioDi  manner.  Artillery  should  however  remain  in  rear  of  any  intended 
alignment  until  the  other  troopa  are  finally  formed. 

A  battery  has  no  Sxed  right  or  left,  and  only  acknowledges  the  front  to  which  the 
gnni  point  when  in  action,  or  the  detichmend  face  when  limbered  up;  bnt  when  a 
battery  is  inierted,  the  Commanding  Officer,  in  ordering  an  adTftnce  or  retreat,  should 
tnake  use  of  the  word  PreKnt  Right  or  Left. 

All  words  of  command  thould  be  given  in  a  firm,  loud,  and  explicit  manner  by  the 
Commanding  Officer,  and  repeated  by  Officers  of  divi»ion)  before  they  give  the  executive 
word.    The  bugle  ahould  be  rarely  used,  and  never  when  acting  with  other  troops. 

In  wheeling,  the  pace  mutt  increaie  from  the  pivot  to  the  wheeling  Bank.  Wheeli 
are  made  on  a  movable  pivot,  except  in  wheeling  from  column  into  line,  which  can 
be  done  on  a  fixed  pivot. 

A  batlery  Umbered  np  should  always  dreti  forward,  and  if  too  far  advanced,  it 
must  reverse  and  come  np  to  the  alignment. 

Columns  of  Artillery  are  composed  of  batteries  (when  there  are  two  or  more),  half 
battciiea,  divisions,  and  columni  of  route.  They  are  on  precisely  the  same  principlei 
as  columns  of  Infantry,  and  are  manceuvred  in  the  tame  manner. 


The  battery  it  fbrmed  in  line,  limbered  up;  the  detachments  inthe  order  of  march. 
The  vraggont,  at  order,  ten  yards  in  rear  of  their  guns. 

The  Officers,  at  order ;  the  subsltems  one  horse's  length  in  front  of  and  in  the 
centre  of  their  divisiont. 
The  2nd  Captain,  on  the  right  of  the  battery,  in  line  with  the  Subalterns. 
The  Staff  Sergeants,  on  the  centre  flanks  of  the  waggons. 
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From  experiments  made  by  Lieutenant-Colonel  M'Kerlie,  R.  E.,  at  Chatham,  it 

appears  that  the  following  materials  afford  musket-proof  cofering : 

Weight  per  foot  inper. 

9-inch  Baltic  fir 28  lbs. 

6-inch  ditto  with  ^. inch  iron  plate  in  rear 25 

3i-inch  sound  oak 16^ 

2  i -inch  oak  with  ^-inch  iron  plate  in  rear 17i 

One  thickness  of  1  -inch  and  one  of  2.inch  oak,  placed  equi- ")  ... 

distant  f  inch  from  a  -^inch  iron  plate  between     .    .  j      *         * 

{-inch  iron  plate 15 

li-inch  oak  with  a  plate  of  ^-inch  iron  in  front,  placed  at  an  angle  of  45^  with 
the  line  of  fire. 

Musket-balls  glance  off  a  mantlet  thus  placed. 

Figs.  1  and  2  show  a  method  of  attaching  a  mantlet  to  the  rear  axle  of  a  pontoon 
carriage,  so  as  to  afford  cover  in  placing  a  charge  of  gunpowder  against  a  stockade  or 
barrier.  A  gun  limber  or  cart  wheels  and  axle  might  be  similarly  fitted  for  the  pur- 
pose. P,  P,  are  pivot-bolts,  on  which  the  mantlet  turns,  passing  through  holes  in  the 
wrought  iron  stanchions,  which  fit  into  the  sockets  in  the  bolster  of  the  carriage. 

The  mantlet  can  be  raised  on  arriving  at  the  stockade,  by  means  of  the  rope  in  rear, 
so  as  to  allow  of  the  powder  being  placed  against  it  with  security. 

The  powder  should  be  placed  on  the  perch. 

Additional  security  may  be  obtained  by  nailing  a  couple  of  raw  hides  on  each 
wheel;  and  a  fascine  may  be  hung,  as  at  F,  fig.  1,  to  cover  the  feet  of  the  men  work- 
ing the  mantlet.  * 

Fig.  3  shows  the  mode  of  hanging  mantlets  in  casemates  adopted  by  the  Prussians. 

Fig.  4,  a  form  of  mantlet  applicable  to  embrasures,  either  in  casemates  or  in 
parapets. 

N.B. — In  masonry  embrasures,  a  mantlet  might,  it  is  conceived,  be  placed,  coniist- 
ing  of  two  musket-proof  shutters  on  hinges  (vide  fig.  5,  Plate  II.),  which,  when 
opened,  would  serve  to  protect  the  masonry  of  the  cheeks  of  the  embrasures  from 
injury  by  the  discharge  of  the  gun. 

LATER   0B8BBYATI0N8.* 

Experiments  have  lately  been  made  by  the  Select  Committee  at  Woolwich,  on  Rope 
Mantlets  of  various  descriptions ;  and  others  proposed  by  Admiral  Sir  G.  Sartorins, 
formed  of  hides  with  iron  plates. 

The  results  of  the  first  ten  experiments  with  rope  mantlets  give  data  by  which 
No.  11  was  constructed,  giving,  on  trial,  protection  at  50  yards,  the  penetration  of 
the  bullet  varying  from  2^  to  4^  inches,  while  the  total  thickness  of  the  mantlet 
was  7  inches.  The  same  amount  of  protection  was  obtained  by  two  thicknesses  of 
No.  6  hung  together.  No  greater  range  than  300  yards  was  tried.  The  following 
table  gives  the  results  of  the  trials.  The  weapon  used  was  the  Enfield  rifle.  Ball 
530  grains,  charge  2^  drachms. 

Note  hy  Compiler, — From  the  Table  it  appears  that  rope  mantlets,  though  avail- 
able as  a  last  resource,  especially  on  board  ship  or  in  a  dockyard,  are  of  so  great 
weight  as  to  be  very  unsuitable  as  an  article  of  transport.  They  require  great  care 
in  their  construction,  as  otherwise  the  shot  will  pass  through  at  the  intersection  of 
the  ropes  of  the  different  layers. 


*  Compiled  by  Captain  Binnejr,  R.E.,  from  the  Reports  of  the  Select  Committee,  by  penniaiion 
of  the  Right  Honourable  the  Secretary  of  State  for  the  War  Department. 
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The  adnntagn  clumed  by  Sir  George  SBrtorini  for  tbete  muiIletB  are,  thil  they 

1.  A  tinple  tnd  portable  defence  for  aoldiers  and  Milort,  embarted  in  boat*, 
■gainst  the  fire  of  amall  amii. 

2.  A  limple,  elFeciive,  and  movable  defence  for  veueta,  ^n-bo«t>,  and  gnn-nflB, 
vrhen  approaching  within  riSe  range.  A>  theie  mantlets  can  eaaily  be  ghipped  or  un- 
thipped,  rolled  np  or  laid  flat,  they  form  no  real  encumbrance. 

3.  Boat*  w  protected  and  fllied  with  riflemen  nould  form  a  moat  importint  anxi. 
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Aofe  ijr  Compiltr. — It  ippeari  thai  thit  >  bide  toA  iteel  muillet  of  iboot  13  lb*, 
per  fool  >up«r,  gives  tbe  ume  protection  u  i  rope  mantlet  of  27i  lb>.,  and  the  bide 
mintbjt  of  20  llH.  protect!  it  half  thit  range.  Tbe  importance  of  tbit  lubject  ii 
brought  very  prominently  before  us  by  tbe  lite  siege  of  Delhi,  where,  u  &r  u  cin  be 
judged  by  the  published  iccounti,  the  bnve  Lieutenant  SaUeld,  of  the  Bengal  En- 
gineers, and  his  gallant  sergeants,  might  hare  escaped  uninjured,  had  the;  been  for- 
oiahed  whb  mantlets  irranged  in  a  proper  manner. 

aiLB. 


MARINE  ARTILLERY.*— The  Rofal  Marine  ArtiUery,  formed  by  Order  in 
Council,  ISIh  Aagiist,  1804,  consisted  of  three  companiei,  to  which  a  fourth  «u 
added  in  1B0». 

The  principal  destination  contemplated  for  tbe  Marine  Artillery,  ai  recited  in  the 
Order  in  Council,  appears  to  have  been  for  service  in  bonih-vessels,  and  to  instruct 
the  other  part  of  the  corps  of  Royal  Mirinea  in  the  exercise  of  gnnt. 

In  ISOe,  the  Marine  Ailitlery  completed  at  Land.Guard  Fort,  by  extensive  experi- 
ments, Tablea  of  Ranges  for  13  and  10-incb  sea-service  mortars,  the  use  of  which 
ordaance  was  especially  assigned  to  this  corps.  Circumstances  extended  the  aenicet 
of  the  Marine  Artillery,  who  were  now,  besides  serving  in  bomb-vessels,  mortar- 
boats,  gun-boats,  and  rocket-boats,  employed  with  heavy  and  Geld  artillery  in  desul- 
tory debarkations,  and  other  cases  at  sieges,  and  more  permanently  on  shore, 

A  Professor  of  Mathematics  was  attached  to  the  Marine  Artillery,  under  whose  in- 
straciion  the  Officers  passed  Ihrongh  a  course  similar  to  that  at  the  time  pursued  at 
Woolnich,  After  the  war,  a  Iiaboratory  of  Instruction  wai  added,  which  indeed  in- 
cludes (hose  usually  denominated  Repository  lastnictioa,  as  well  as  those  of  tbe  la- 
boratory, essential  to  be  known  by  artillerymen  on  service.  At  the  termiuatioD  of 
tbe  war,  the  Marine  Artillery  was  increased  to  eight  companiei.  In  1832  they 
were  reduced  to  two  companies.  Several  augmentations  subsequently  took  pliee ; 
and  in  June,  1817,  the  Marine  Artillery  vraa  increaied  Ut  ten  companiei.  At  the 
present  time  (1857)  the  total  number  (including  officers]  is  2611. 

The  annexed  Table  will  show  the  strength  of  the  Marine  Artillery  at  its  formation ; 
also  (lie  periods  and  amount  of  (he  principal  reductions  and  augmentl^ni  it  baa 
undergone. 

Tlie  Officers  selected  for  the  Marine  Artillery  companies  are  now  edncated  at  the 
Royal  Naval  College  at  Portsmouth. 
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It  ii  probtblG  that  the  gnat  eiteniion  of  i 
reapecta  indicated  n«w  wuiti,  hii  influenced 
U  funiiihed  with  itroDg  detichmenti  of  mar 
ben  of  merchint  steimen.  with  Mtmen  eve 
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le  with  that  in  correapondi&g 
e  nowhere  defined  by  any  eipre*t 


The  pay  of  the  Marine  Artillery  Companiea  ii  the  u 
niiki  in  the  Royal  Ite|intent  of  Artillery. 

The  dntlei  of  the  Marine  Artillery  Companies 
order,  eaixpt  the  Order  in  Couninl  alluded  to. 

But  they  are  expected  and  required  to  be  acquainted  with  the  service  of  every  kind 
of  artillery  afloat. 

Also  to  uudertake  the  Mme  an  ihore,  wbeDeier  this  eitension  of  their  dutiea  may 
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in  bomb-vessels,  chiefly  under  Sir  Edward  Owen,  on  the  coast  of  Franoe,  in  opposing 
the  transit  of  the  flotilla  of  invasion  from  one  port  to  another — ^in  bomb-vessels,  it 
the  passage  of  the  Dardanelles,  1807 — at  the  bombardment  of  Copenhagen,  1807 — 
Bay  of  Rosas — at  Basque  Roads — ^bombardment  of  Flushing,  1809 — ^in  garrison,  at 
the  defence  of  Anholt — at  Cadiz,  during  the  long  blockade  or  siege-— at  the  defence 
of  Tarifa,  afloat — on  the  N.  coast  of  Spain,  under  Sir  Home  Popham,  1811 — ^in  the 
Chesapeake,  1812— on  the  coast  of  Catalonia— on  the  island  of  South  Beveland, 
with  battery  in  the  field — at  New  Orleans — in  Canada,  at  sieges  and  attacks,  as  Fort 
Erie,  Fort  Oswego,  etc. — at  the  bombardment  of  Algiers— on  the  N.  coast  of  Spain, 
under  Lord  John  Hay — in  the  Parana,  and  in  numerous  minor  operations. 

Note, — That  the  whole  of  the  Royal  Marine  Artillery  should  be  at  Portsmouth 
when  not  afloat,  now  augmented  to  1500  men,  appears  unnecessary,  as  this  station 
is  not  adequate  to  the  increasing  wants  of  the  Naval  Service  for  that  important  force, 
essential  to  the  perfect  equipment  of  Her  Majesty's  fleets. 

For  the  future  extension  and  organization  of  the  Royal  Marine  Artillery^  there  are 
two  improvements  desirable  : — 

First,  to  give  every  division  its  corps  of  Marine  Artillery. 

Secondly,  to  assign  to  the  Royal  Marine  Artiller3rman  a  position  afloat  correspond- 
with  his  importance  and  utility. 

In  respect  to  the  first  propontion^  as  the  Marine  Artillery  is  composed  of  men 
selected  from  the  several  divisions,  and  afterwards  instructed  in  practical  gunnery 
and  laboratory  duties,  to  qualify  them  to  act  afloat,  much  time  would  be  saved  in 
the  subdivision  of  labour  by  having  four  stations  instead  of  one ;  and  each  of  the 
principal  arsenals  would  always  have  the  means  of  embarking  their  marine  artillery, 
without  sending  to  Portsmouth.  This  arrangement  would  likewise  prevent  any 
jealousy  of  the  Portsmouth  division  having  this  Service  attached  to  the  division 
of  Marines.  The  trifling  additional  expense  in  instructors  is  unimportant,  com- 
pared to  the  advantages  of  facilitating  the  training  and  shortening  the  period  of  in- 
struction. 

The  second  proposition,  rather  startling  by  its  novelty  and  apparent  interference 
with  the  usages  of  the  Naval  Service,  is  merely,  as  expressed,  to  assign  for  the  Royal 
Marine  Artillery  specific  duties  afloat,  appropriate  to  the  object  of  having  them  as  a 
part  of  the  equipment.  The  position  of  gunner  or  assistant-gunner  is  inapplicable  to 
marine  artillery,  as  those  duties  require  men  to  be  seamen,  entrusted  with  the  naviga- 
tion of  the  vessel,  and  who  are  OflScers  and  petty  Ofilcers,  and  take  the  responsibilities 
of  command  according  to  their  rank. 

It  would  seem  necessary,  to  prevent  confusion,  to  term  the  Royal  Marine  Artillery- 
man, when  embarked  on  board  Her  Majesty's  ships,  a  bombardier^  and  attach 
two  or  three  bombardiers  to  every  shell  gun,  of  which  every  vessel  has  now  a  pro- 
portion equal  to  ^^th  of  her  armament,  and  steam  ships  of  war  are  chiefly  armed 
with  them. 

Old  sailors  remark,  that  considerable  danger  exists  in  the  introduction  of  shells 
afloat,  particularly  since  the  adoption  of  the  concussion  and  percussion  shells :  this 
gives  a  force  to  the  second  proposition,  of  terming  the  Royal  Marine  Artillery,  when 
embarked  in  ships  of  war,  as  bombardiers,  and  consequently  of  dropping  that  of 
gunner.  It  is  true  that  seamen  are  instructed  in  practical  gunnery,  and  are  called 
naval  gunners ;  but  they  are  not  permanently  entered  in  the  Service,  and  may  not 
be  always  forthcoming  when  wanted :  hence  the  importance  of  a  large  marine 
artillery  well  instructed  in  laboratory  duties. — Editors, 
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MARINE  ARTILLERY  OF  I 
The  artillery  or  ordumce  for  the  French  Navy  uid  for  coMt  bitteriea  ■»  ill  of  iron, 
ID  diilincticin  to  thkt  uied  in  the  field,  which  i>  cut  in  hrui  for  all  calibres.  The 
ordntDce,  whether  for  the  ■rmuneDt  of  ihipa  or  the  defence  of  coaiti,  i>  termed 
Huine  Artillei;.  The  reguUtiOD  of  1B40  directed  them  to  be  of  the  folloKing  di- 
meDtioni : — 

8-inch,  or  GS-pounder  1  ._  1 

6.iDCh.  or  30.^under  r™"  S""''  I    -   „  .  „„„„ 

Mortan  12-inch.  J 

The  30-poDnder  guns  are  dlnded  into  long  and  short  t  but  a  larger  proportion  of 
the  old  patterns  remain  in  the  French  Service. 

The^fTioimrlof  the  MuiDe  Artillery  of  France  baa  undergone  geveral  modifications 
from  time  to  time :  during  the  Empire  it  wu  employed  in  the  field,  and  tliia  corps 
distingniBhed  itielf  at  the  battles  of  Bautzen  and  Liitzen. 

Latterly  the  Marine  Artillery  has  been  disconnected  ^m  the  French  Navy,  arising 
out  of  disputes  between  the  two  Serrices.t  and  it  has  been  organized  for  duties  io  the 
colonies  under  the  Minialer  of  Marine,  which  department  has  the  administration  of 
the  French  colonies. 


*  From  '  La  DietionAaiR  de  TArute  de  Tcrni.* 

pendent  upon  Ihc  othor;  but  Ihon  u  b  iudiIbt  tflndency  la  unite  Bod  poaieu  all  the  atuibutea 
eonsKUd  with  [he  niTil  duliee,  now  Prided  betmen  the  Adminltf  and  the  War  DeputoieDti ; 
Uut  iM,  that  thvNkij  nhDuld  inpplj  itielf,  and  manuffectan  Lti  gunt.  ttoree,  and  ammunitimi,  ud 
nenlDBlljr  eueut*  the  garnioii  end  othei  duliee  eenneeled  with  the  eoaet  defeneo. 
Thje  tendency,  *hieh  naj  be  br  Hme  deemed  imaglnuy.  hu  neierlheleu  niiiufnud  itielf  in 

meat  of  tbOH  tftidee  fnnielied  ud  menulieniied  bj  the  V~ 
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METEOROLOGY* — The  science  of  Meteorology  embraces  every  tiling  con- 
nected with  the  atmosphere  and  its  phenomena.  The  origin,  force,  and  direction  of 
the  wind,  the  amount  and  times  of  the  falls  of  rain,  the  changes  of  temperature  and 
barometric  pressure,  all  fall  within  the  scope  of  this  subject,  and  show  how  great  is  Its 
importance  in  marking  out  the  fitness  of  various  parts  of  the  earth's  surfi^e  for  supporting 
animal  life,  and  encouraging  the  growth  of  the  different  vegetable  productions.  In 
order  to  collect  data  on  which  to  found  any  practical  rules  for  guidance,  it  is  necessary 
that  observations  should  be  made  during  the  same  periods  in  many  parts  of  the  world. 
By  collecting  and  carefully  comparing  such  data,  chiefly  from  the  log-books  of  a  large 
number  of  vessels,  the  late  Sir  Wm.  Reid  was  enabled  to  publish  his  book  on  the 
Law  of  Storms,  a  work  which  has  been  the  means  of  saving  many  valuable  ships  and 
Htcs,  by  teaching  how  to  run  from,  instead  of  intOf  the  vortex  of  those  fearful  rotary 
storms,  or  hurricanes,  which  so  frequently  occur. 

In  1853,  a  conference  was  held  at  Brussels,  to  consider  the  best  means  of  co-operating 
for  the  pui'pose  of  mutual  benefit.  At  this  meeting  were  present  representatiyes  from 
many  of  the  Continental  Powers,  as  well  as  Lieut.  Biaury,  U.  S.  Astronomer,  on  the 
part  of  the  United  States  of  America,  and  Capt.  Beechy,  E.N.,  and  Capt  (now 
Col.)  James,  E.E.,  on  the  part  of  the  British  GK)7ernment.  By  carefully  collating  the 
logs  of  10,000  ships,  Lieut.  Mauiy  has  constructed  a  series  of  wind  and  current-charts, 
which  have  already  proved  of  the  greatest  value  to  navigators,  the  ocean  being  divided 
on  the  chart  into  spaces  of  5"  lat.  and  long.,  and  the  direction  of  the  wind  at  any 
given  time  noted  on  each.  By  these  means  the  routes  to  many  places  have  been 
materially  shortened ;  the  course  and  effects  of  the  gulf-stream  more  accurately  deter- 
mined ;  like  currents  in  the  Indian  Ocean  and  elsewhere  have  been  found ;  south- 
wardly monsoons  discovered  on  the  west  coast  of  Africa ;  the  trade  winds  more  defined; 
and  the  limits  of  the  range  of  the  sperm  and  other  whales  more  fully  ascertained. 

The  log  used  by  co-operating  vessels,  gives  the  latitude  and  longitude  of  the  vessel 
by  observation  and  dead  reckoning ;  the  direction  and  rate  of  the  wind ;  the  height 
of  the  barometer  and  thermometer ;  form  and  direction  of  clouds ;  fog,  rain,  snow, 
hail,  &c.  ;  the  state  of  the  sea,  its  temperature,  specific  gravity,  &c. 

One  great  point  to  which  attention  has  been  drawn  is  the  humidity  of  the  atmosphere. 

From  observations  made  during  balloon  ascents,  it  appears  that  the  cloud  region, 
of  which  the  temperature  is  nearly  constant,  varies  in  depth  from  2500  to  5000  feet, 
at  altitudes  from  2000  to  7000  feet  above  the  surface  —  light  clouds,  however, 
being  found  both  above  and  below  these  altitudes  —and  the  average  decrease  of  tem- 
lieratme  for  altitude,  without  clouds,  is  about  one  degree  per  hundred  yai*d8. 

One  result  of  these  observations  refers  to  the  theory  of  the  diffusion  of  aqueous  vapour 
in  the  atmosphere.  It  is  commonly  assumed  that  the  vapour  is  diffused  through  dry  air 
as  if  it  were  a  vacuum,  and  that  it  consequently  exerts  a  separate  pressure  depending  on 
its  quantity.  This  ''elastic  force"  or  ''tension  of  vapour'*  has  been  supposed  to  diminish 
>nth  the  altitude ;  but  observations,  whether  in  balloons,  or  at  the  foot  and  top  of  moun- 
tains, seem  to  show  that  this  tension  is  greater  at  higher  elevations,  and  the  vapour 
being  less  dense  than  air,  it  has  the  effect  of  diminishing  the  pressure  of  the  atmosphere. 

It  has  also  been  found  that  waves  or  systems  of  lines  of  equal  barometric  pressure 
have  i)assed  over  very  large  portions  of  the  globe  at  the  same  time. 

These  waves  of  barometric  pressure  have  been  observed  to  pass  over  large  tracts  of 
country  and  produce  marked  results,  with  reference  to  which  Mr.  Birt  remarks,  "In 
the  case  of  a  large  wave  stretching  over  an  extensive  area,  the  anterior  and  posterior 
trough  would  mark  out  parallel  or  nearly  parallel  lines  of  least  pressure  ;  the  molecular 

*  Extracted,  by  permiwion,  chiefly  from  Col.  Jame«*s  Report. 
VOL.  II.  Z 
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movement  would  be  strongent  in  tbose  troogts,  uid  directed  towards  tbem  from  e&ch 
side  i  at  BtatioDB  rsmof  ed  froiD  tbem,  the  foroe  of  the  wind  would  be  grestl;  diminiehed, 
sod  St  tbe  interyening  crest  would  be  so  bduU  u  to  be  «atirc«I;  appreciable,  but, 
howerer  small  it  migbt  be,  npon  the  crest  pudng  an;  station,  the  direction  of  the  wind 
at  that  sla&m  woold  be  revened,  and  it  wonld  incteaae  In  intenut;  notil  tiie  tranut  of 
the  posterior  troi^h."  The  wares  mOTe  from  north  to  sonth  st  different  relocitiei,  from 
uztotenFienoh  leagnet  per  bont  In  Aaia  and  Central  Enrope,  bnt  nmchlcBsinRnsna; 
wbile  in  the  Ural  moanlaina  the  rate  is  sometinies  less  than  two  French  leagaes.  Their 
rate  also  is  mncb  greater  orer  the  ocean  than  orer  monntiuQ  rangee,  kc.  ;  bnt  there 
does  not  seem  to  be  onj  eonneelion  between  these  warei  and  the  directionof  the  wind.* 

Professor  Bepy,  from  rery  nnmerons  obaerrationa,  arrived  at  many  general  resnite, 
soma  of  which  are  the  following,  vis  :  That  etenns  of  rain  and  enow  in  tho  United 
States  traTcl  from  west  to  east  from  Korerober  to  Harth  inelomTe,  and  are  aeoompanied 
bf  a  depression  of  barometer  near  their  central  line,  which  is  commonly  of  great 
length  from  north  to  south,  and  moves  sideways  toirarda  the  east  at  a  late  of  aboat  S6 
miks  per  honr,  the  wind  for  many  miles  on  both  sides  of  the  minimum  pressure  line 
blowing  towards  it.  On  this  line  there  is  generally  a  lull  or  a  calm,  and  when  it  passes 
towanis  tssl  the  wind  generally  changes  soon  to  west,  and  tbe  baromel«r  rises.  The 
flaetnations  of  ths  barometer  are  generally  greater  in  tbe  northern  and  eastem,  than 
in  the  soalbern  and  western,  parte  of  the  United  Slates,  and  when  it  falls  Buddenly  in 
the  vest  of  Kew  England  it  rises  at  the  same  time  in  the  Tallej  of  the  Mississippi,  and 
at  fH.  John's,  Newfonndland.  On  the  day  preceding  a  storm  the  baionieter  is  commonly 
high  and  the  weather  mild  and  clear.  The  temperature  usually  falls  suddeidy  on  the 
passage  of  great  storms,  so  that  the  lowest  temperature  En  the  west  often  co-eiists  with 
the  highest  in  the  east.  The  queries  to  which  these  general  laws  pre  rise  are  as 
follows.  Does  the  sonthem  boundary  of  the  winter  storms  reach  the  belt  of  high 
barometer  on  ihn  north  border  of  the  trade-winds !  and  the  northern  boundary  go 
into  and  beyond  the  belt  of  low  barometer  near  the  Arctic  circle  I  Do  these  storms 
anin  in  the  Boehy  Uountains  and  tiaTeive  tbe  Atlantic  with  the  phenomena  above 
mentioned !  Do  they  move  towards  a  point  sonth  of  east  1  The  explanations  are  all 
given  by  the  Professor  in  the  ftdlowing  theory  : 

"WhsQths  air,  in  any  locality,  acquires  a  higher  temperatnre,  or  a  higher  dew 
piunt  than  that  of  the  snrronnding  r^ons,  it  is  specifically  ligliter  and  n 
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caiiBe  the  barometer  to  rise  on  the  outside  of  the  storm,  and  fall  still  more  under  the 
storm-cloud  by  the  outspreading  of  air  above,  thus  leaving  less  ponderable  matter 
near  the  centre  of  the  upmoving  column  to  press  on  the  barometer  below. 

"The  barometer  thus  standing  below  the  mean  under  the  cloud  in  the  central 
regions,  and  above  the  mean  on  the  outside  of  the  cloud,  the  air  will  blow 
on  all  sides  from  without  inwards  under  the  cloud.  The  air,  on  coming  under 
the  cloud,  being  subjected  to  less  pressure,  will  ascend,  and  carry  up  the  vapour 
it  contains  with  it ;  as  it  ascends,  it  will  become  colder  by  expansion  from  constantly 
diminishing  pressure,  and  will  begin  to  condense  its  vapour  into  cloud  at  the  height 
indicated  before,  and  thus  the  process  of  cloud-forming  will  go  on. 

'*Now,  it  is  known  that  the  upper  current  of  air  in  the  United  States  moves  con- 
stantly, firom  a  known  cause,  towards  the  eastward,  probably  a  little  to  the  south  of 
east,  and  as  the  upmoving  column  containing  the  cloud  is  chiefly  in  this  upper  current 
of  air,  it  follows  that  the  storm-cloud  must  move  in  the  same  direction  ;  and  over 
whatever  region  the  storm-cloud  appears,  to  that  region  will  the  wind  blow  below : 
thus,  the  wind  must  set  in  with  a  storm  £rom  some  eastern  direction,  and  as  the 
storm-cloud  passes  on,  the  wind  must  change  to  some  western  direction,  and  blow 
from  that  quarter  till  the  end  of  the  storm." 

Lieut.  Maury,  U.  S.  astronomer  at  Washington,  remarks  that  the  atmosphere  is  a 
vast  machine  in  magnificent  order;  a  sewer  which  receives  from  every  living  breath  a 
vast  amount  of  dead  animal  matter ;  and  a  laboratory  in  which  light  and  heat  decom- 
pose the  dead  matter  and  develop  gases  which  are  again  condensed  into  plants  and 
trees.  This  condensation  prevents  the  air  becoming  tainted  and  unfit  for  the  respira- 
tion of  men  and  other  animals,  and  doubtless,  when  the  animal  and  vegetable  kingdoms 
lose  their  mutual  counter-poise,  severe  typhoidal  and  other  diseases  ensue.  The  atmo- 
sphere also  raises  the  moisture  from  the  ocean,  and  carries  it  up  to  the  high  ground, 
whence  it  again  descends  in  the  channels  of  the  rivers  to  the  sea. 

From  the  parallel  of  30 '^  north  and  south,  nearly  to  the  equator,  we  have  the  north- 
east trades  on  the  north  and  south-east  trades  on  the  south  ;  these  constantly  flow 
towards  the  equator,  and  therefore  the  air  set  in  motion  must  return  to  the  poles  in  some 
way  to  replenish  the  void.  The  return  current  moves  in  a  direction  opposite  to  the 
trade-winds,  and  must  be  in  the  upper  regions  of  air,  until  it  passes  over  those  parallels 
between  which  the  trade-winds  are  always  blowing  on  the  surface.  These  currents 
also  apparently  move  in  a  sort  of  spiral  curve,  turning  west  from  poles  to  equator,  and 
east  from  equator  to  poles ;  this  apparent  motion  is  caused  by  the  rotation  of  the  earth 
from  west  to  east  on  its  axis,  for  if  a  particle  of  atmosphere,  at  rest  at  the  North 
Pole,  be  set  in  motion  direct  for  the  equator,  it  would,  as  it  travels  south,  find  the  earth 
slipping  under  it,  and  would  appear  to  go  from  north-east  to  south-west,  producing  a 
north-east  wind.  In  like  manner,  a  particle  going  from  the  equator  to  the  pole  appears 
to  be  moving  from  south-west  to  north-east.  The  like  operations  are  going  on  to  the 
south  of  the  equator. 

These  particles  represent  the  aggregate  of  particles,  or  the  currents,  of  air  between  the 
equator  and  pole.  Now  to  trace  the  course  of  the  wind,  suppose  the  first  particle  starts 
from  the  polar  regions,  it  travels  in  the  upx)er  atmosphere  till  it  reaches  the  parallel 
of  80°,  where  it  meets  the  other  particle  from  the  equator,  and  the  two  press  against 
each  other,  producing  a  calm.  Hence  two  under  currents  are  ejected,  viz.  the  north-east 
trades  towards  the  equator  and  the  south-west  passage  winds  towards  the  pole  ;  the 
trade  wind  continues  till  near  the  equator,  when  it  meets  the  south-east  trade,  and  another 
pressure  and  consequent  calm  region  is  produced.  Prom  the  like  cause  also,  rotatory 
storms  originate  on  the  confines  of  this  tropical  belt  of  calms,  by  means  of  the  oblique 
passage  of  the  trade  winds  into  and  along  that  region,  just  as  little  whirlpools  are  pro- 
daced  between  the  dead  water  and  the  current  behind  a  rock  ;  and  they  revolve  io 

1% 
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like  tnaaneT  in  oppotito  direo^ou  on  dther  tide  of  th«  bell.  The  puticlM  bare  being 
preMsd  by  Burboe  vinch  riM  apwardi ;  >nd  ths  one  from  Uie  sonth  now  entera 
Ihe  uortheni  hemiiphere,  tr&vela  till  it  meeta,  near  (lie  calm  of  CiDoeT,  anotber 
pkrtiele  from  (be  north,  then  desoends  m  befote  and  pn>reeds  (owuda  (he  pole  u 
k  •orfiMM  wind  from  Boatli-weat.  Ai  it  anlen  the  polar  regiona  it  ii  prened  npon 
b;  other  enmata,  from  eTerj  direotion,  and  being  whicled  in  a  circnlar  gale  rotuid 
(be  pale,  it  finallj  rewhei  tho  Tortei  and  again  awends  to  the  npper  legion, 
and  itorti  a&eah  for  the  tooth.  In  (he  diagnun,  f  representa  the  particle  when 
it  Gn(  riles  at  (he  north  pole,  It  piusoea  the  upper  «ans  jl  towanlH  a  over 
Ckneer,  denmds  ai  the  north-«ut  tiade-wind  a,  then  riBes  at  the  equator  and  psssen 
loiitb,  while  (he  loathern  particle  pniiarti  north  and  follows  the  upper  conne  o 
to  Cancer,  and  again  desoeitdi  aa  b  the  lonth-weit  paesage  wind.    As  all  (he«e  partiolea 


METEOROLOGY.  847 

of  eyaporation  pumping  up  the  water  for  our  northern  rirers.  This  being  carried  north, 
takes  with  it  latent  heat,  a  part  of  which  is  set  free,  and  thus,  at  the  approach  of 
cloudy  and  falling  weather,  warms  the  atmosphere.  It  is  well  known  that,  in  the 
northern  hemisphere,  as  a  role,  rain  does  not  come  with  a  north  wind ;  because,  in 
returning  from  the  poles,  the  wind  is  generally  in  the  upper  regions  of  air,  cut  off  from 
vapour,  till  it  descends  in  the  calm  of  Cancer  and  blows  as  a  trade-wind.  Here,  like  a 
dry  sponge,  it  begins  taking  up  and  eyaporating  fresh  water  from  the  sea  with  great 
aridity,  leaTing  the  remainder,  as  would  naturally  be  supposed,  the  saltest  part  of  the 
ocean.  When  it  reaches  the  equator  it  is  full  of  moisture,  and,  proceeding  on  its  way, 
refreshes  the  earth  with  rain  and  supplies  the  fountains  of  the  riyers.  On  the  other 
hand,  the  wind  from  the  south-east  trades  trayels  in  the  upper  regions  to  Cancer,  where 
it  descends  and  becomes  the  south-west  surface  wind  ;  coming  north  it  cools  and  begins 
to  condense  and  descend  in  copious  showers.  Thus  the  large  exxMinse  of  water  in  the 
southern  ocean  supplies  the  numerous  rirers  of  the  northern  hemisphere,  while  the 
comparatively  small  surface  of  northern  ocean — not  more  than  two-thirds  of  the 
southern — feeds  the  few  rivers  of  the  southern  hemisphere. 

These  calms  and  trade-wind  belts  more  up  and  down  every  year  about  1000 
miles  of  latitude.  In  July  and  August  the  equatorial  calm  zone  lies  between  7^  north 
and  12**  north  or  higher ;  in  March  and  April  between  5"  south  and  2^  north,  always 
following  the  sun.  In  consequence  of  these  changes,  some  places  have  a  rainy  and  dry 
season,  some  are  almost  always  rainy,  others  always  dry,  others  hare  two  wet 
and  two  dry  seasons. 

The  mean  annual  fall  of  rain  on  the  entire  surface  of  the  earth  is  estimated  at  5  feet, 
which  has  to  be  eraporated  from  the  ocean,  carried  from  place  to  place,  and  precipitated 
in  the  right  way  by  the  atmosphere  t.c,  this  remarkable  engine  has  to  hoist  to  the 
clouds,  and  again  lower  to  earth,  the  water  of  an  enormous  lake.  In  contemplating 
these  results,  and  the  perfect  working  of  the  whole  machine,  we  may  well  wonder  at, 
and  adore,  the  amazing  power  and  goodness  of  Him  who  hath  ordered  them  all,  and 
upholds  them  by  the  word  of  His  power.  It  is  also  a  remarkable  fact  that  the  more 
\ve  understand  the  real  state  of  natural  phenomena,  &c.,  the  more  wo  are  struck  with 
the  clear  declarations  of  the  Scripture,  as  to  the  truth  of  riews  for  a  long  time  con- 
sidered heretical.  Thus  the  form  of  the  world,  the  source  from  whence  the  rirers  are 
supplied,  the  motion  of  the  winds,  the  influence  of  the  Pleiades,  and  many  other 
points,  too  numerous  to  adduce,  were  all  noted  in  the  scriptures  of  truth  long  before 
the  scientific  mind  had  compassed  their  reality. 

*  The  state  of  the  weather,  to  use  a  familiar  expression  for  one  form  of  meteorology, 
depends  upon  the  direction  and  force  of  the  wind,  the  temperature  and  humidity  of  the 
air,  the  state  of  the  clouds,  the  amount  of  rain,  hail,  or  snow,  which  falls,  and  the 
lightning  or  thunder  obserred  or  heard. 

Now  all  these  ever  rarying  phenomena  of  the  hearens  hare  their  origin  in  two  causes, 
viz.  the  position  of  the  sun  with  reference  to  the  different  parts  of  the  earth,  and  the 
rotation  of  the  earth  upon  its  axis. 

Within  the  tropics,  in  those  parts  of  the  earth  orer  which  the  sun  is  vertical,  the 
temperature  is  greatest,  and  as  we  proceed  north  or  south  from  the  equator  the  tempe- 
ture  diminishes  with  the  latitude  ;  thus,  in  the  Northern  Hemisphere,  the  mean  tempe- 
rature of  the  air  at  the  equator  being  81* '5 

That  at  Jamaica  is 78  '8 

New  Orleans 67  '0 

Washington 54  '9 

Halifax 43-2 


*  By  Col.  Jtm«s,  Royal  Enftinecn  F.R.8.,  Sic. 
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Tli&t  ftt  Fort  SmpioD 25  '3 

MelTille  Island 17 

And  in  ths  Bontbem  Hemisph«ie  the  mean  temperatore  of  the  air  at 
Maraiham,  «lose  to  the  equator,  is    .     .     .     81*'t 

At  Kio  Jan«lro 7*  -2 

Monte  Video 6fl  -8 

Buenot  Ajret 62  '6 

Falkland  Island 47-1 

Port  Famine 39-0 

In  eonaeqiiencs  of  thii  unequal  diitiibntion  of  heat,  the  lur  eipanda  and  beeomn 
lighter  ander  the  tropics,  and  liaei  into  the  higher  regions  of  the  atmoephere,  where  [t 
oTerflovB  and  is  driTsn  off  towards  tbe  polet^  vhilst  tlie  colder  air  from  the  polar 
region*  retoma  aa  an  under  cnrrent  to  restore  the  equilibrium. 

But  the  eqaatorial  regions  and  tbe  atmoapbere,  as  staled  ahave,  in  consequence  of 
tbe  rotation  of  the  «aTth,  move  vith  greater  relocitj  than  thoee  parla  irhich  are 
•t  a  distance  from  it ;  henoe  it  folloTS  that  the  atmosphere  moTing  from  the  equa- 
torial nylons  partakes  of  this  motion  as  it  proceeds  towards  the  polar  regiona,  and 
instead  of  proceeding  direct);  north  or  south,  proceeds  obliquel;  in  the  direcUon  of  the 
earth's  motion,  that  is,  in  a  north-easterif  or  aoutb-easterly  direction,  whiLit  theoolder 
under  current  from  the  polar  regions  proceeding  tovarda  the  equator  ia  met  b;  tbe 
higher  velodtj  of  that  part  of  the  earth,  and  becomes  an  easterl;  wind. 

Thai  on  the  Peak  of  Tenerifle  tbe  wind  almoet  alwa^rs  blows  from  the  westward, 
whilst  the  '  trade-wind'  below  is  bloning  from  the  eastward  :  the  ashes  from  TolcaDoes 
-within  the  tropics  have  been  frequently  found  to  have  been  carried  hundreds  of  miles 
bj  the  upper  current  of  ur,  in  a  direction  eiactlj  opposite  to  that  from  which  the  wind 
blows  in  the  lower  regiona. 

Within  30°  of  the  eqnator  the  under  current  of  ur  proceeda  steadily  as  an  easterly 
mnd,  and  has  receired  the  name  of  the  '  Trade  Wind  :'  Teasels  entering  it  carry  it 
with  them  till  they  approach  the  line,  where  the  northern  and  southern  currenta  meet 
and  produce  the  region  of  '  calms,'  hat  labjeot  to  those  violent  rotatory  atorms  which 
bare  been  so  ably  described  by  the  lata  Major-Gteneral  Sir  William  Bei^,  and  which 
have  their  origin  in  the  meetii^  of  the  cnrrenta  of  air  moving  in  oppoeite  direcliODS. 
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CYaporation  proceeds  the  yaponr  liaeB  into  the  air,  is  borne  up  by  the  Moending  onr- 
rents,  and  carried  into  the  higher  regions  of  the  atmosphere.* 

If  a  stratum  of  air  saturated  with  invisible  vapour  ascends  into  a  colder  region, 
the  vapour  is  partially  condensed  and  is  seen  in  the  form  of  clouds,  and  if  these 
clouds  meet  with  a  still  colder  stratum  of  air,  the  vapour  is  further  condensed  and 
descends  as  rain  ;  or,  if  the  cold  is  sufficiently  great,  as  hail  or  snow.  From  these 
considerations  it  would  follow  that  the  quantity  of  rain  which  falls  at  any  place 
should  be  in  proportion  to  the  temperature  of  the  air  at  that  place ;  and  as  a  general 
rule  this  is  true,  but  the  form  of  the  land,  and  the  prevalent  direction  of  the  wind  at 
any  place  with  reference  to  the  sea  or  land,  so  alter  the  condition  of  the  problem, 
that  in  many  places  we  have  the  very  opposite  results, — thus  in  Chili  rain  never  fidls, 
whilst  at  Sparkling  Tarn,  in  Cumberland,  the  quantity  of  rain  which  fell  in  1848-9 
was  148*59  inches,  the  average  quantity  which  falls  at  the  Royal  Observatory  at 
Qreenwich  being  only  22  '25  inches :  but  such  apparent  anomalies  are  readily  explained ; 
the  clouds  loaded  with  moisture  are  carried  along  till  they  meet  with  a  mountain-range 
where  the  clouds  are  constrained  to  rise  into  a  colder  region,  which  immediately  preci- 
pitates the  moisture  in  the  form  of  rain,  and  the  air  is  robbed  of  its  load.  Thus,  in 
the  Andes,  on  the  eastern  side,  moisture  and  rain  are  frequent,  whilst  in  Chili  no  rain 
falls ;  in  the  Ghats,  along  the  western  coast  of  the  peninsula  of  India,  during  the  south- 
west monsoon,  the  quantity  of  rain  which  falls  at  Mahabuleshwer  is  254  inches,  whilst 
not  a  drop  falls  in  the  Deccan  behind  the  Ghats.  On  the  southern  side  of  the  Himalayas 
there  is  constant  rain  and  moisture,  whilst  not  a  drop  falls  in  Thibet  on  the  northern 
side.  Lieut.  Maury  remarks  that  the  south-east  trade- winds  strike  the  Atlantic  on 
the  A&ican  coast,  they  blow  obliquely  to  the  north-west  across  the  ocean  to  Brazil ; 
and  being  then  heavily  laden  with  vapour,  deposit  it  as  they  cross  the  continent, 
supply  the  Rio  de  la  Plate  and  Amazon,  and  proceed  till  they  reach  the  Andes,  where 
every  drop  of  moisture  is  condensed  out  of  them,  and  they  pass  onwards  cool  and  dry, 
not  receiving  fresh  vapour  till  they  have  crossed  Peru  and  reached  the  Pacific. 

It  is  needless  to  multiply  examples  ;  wherever  high  land  intercepts  the  passage  of 
the  clouds  from  seaward,  there  the  greatest  amount  of  rain  will  fall,  and  the  amount 
which  falls  on  the  windward  side  will  always  be  greater  than  the  amount  which  falls 
on  the  leeward  side  of  the  range. 

The  altitude  at  which  clouds  float  in  summer  is  greater  than  it  is  in  winter,  and 
they  float  at  a  greater  height  in  warm  climates  than  in  cold. 

The  height  at  which  the  clouds  float  in  India  is  about  4500  feet ;  the  height  at  which 
they  float  in  CiimberUuid  is  about  2000  feet :  henoe  it  is  that  at  about  these  altitudes  the 
greatest  amount  of  rain  falls  ;  as  we  ascend  higher  or  descend  to  a  lower  altitude,  the 
quantity  diminishes,  as  will  be  seen  by  reference  to  the  following  Table,  which  is  taken 
from  Ml*.  Miller's  Paper  on  the  quantity  of  rain  which  fiJla  in  the  Lake  district  of 
Cumberland  and  Westmoreland,  published  in  the  '  Transactions  of  the  Royal  Society.' 


The  Valley  .     . 
Stape  Head  .     . 
Seatoller  Common 
Sparkling  Tarn 
Great  Gable 
Sea  Fell  .     .     . 


Altitude  above  the 
Level  of  the  Sea. 


Feet. 
160 
1290 
1334 
1900 
2925 
3166 


Inches. 
170-55 
186*74 
180*23 
207-91 
136*98 
128-15 


*  Mr.  Glaiiher  estimates  the  quantity  of  water  which  it  annually  converted  into  vapour  at 
upwards  of  60,000  cubic  miles.  ' 
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The  fclloTing  Table  is  from  twit.-CoI.  Sjltes's  Paper  on  the  Meteorology  of  IndU, 
in  tbe  '  Tranwctiona  of  (h«  Royal  Bocietj,' 


Mean  of  Seven  StaUoni  at  sea  level Sl-70  mchcB. 

At    IGO  feet  Bntoagher; Ui-55  „ 

„    900    „  Dapoole 13*96  „ 

„  1740    „  Knndalla 141-59  „ 

„  4600    „  Uababnleihwer 25405  „ 

„*500    „  DttrajMnlloj 26821  „ 

„  6100    „  Bot«rgheiT7 8171  „ 

,,8640    „  Dodalatta 101'24  „ 


CoL  Sjices  BsfB,  "  The  eiplanalion  of  the  prodigioos  fall  of  run  at  a  lerel  of  4500 
feet  is  ample  and  latiBfactorr.  The  chief  stratam  of  aqaeoiu  vaponr  brought  from 
the  eqnalor  bj  ths  Bonth-irest  mongooa  U  of  a  high  temperature,  and  floats  at  a  lower 
lerel  than  4600  feet ;  indeed,  I  have  looked  over  or  npon  the  aarb^  of  the  stratam  at 
2000  feet.  It  la  daehed  with  conuderable  violence  against  the  veatern  marst  tacea  of 
the  Qhala,  and  is  thrown  ap  b;  these  baniert  in  accnmnlated  maBBes  into  a  colder 
region  than  that  ia  which  it  natnrallir  floats  ;  it  ii  conaeqaentl;  rapid!/  condensed, 
and  rain  falls  in  floods." 

la  plains  or  in  those  parts  of  the  oonntry  where  the  hills  have  hnt  a  small  altitude, 
the  qnaiitity  of  lain  whieh  falls  on  the  ground  is  greater  than  the  qnantit;  which  falls 
at  difisrent  altitudes  abore  the  ground ;  thus,  at  Qreenwich  the  quantit;  which  Icll  in 
the  jear  1841  waa 

On  the  grannd 23*2  inches. 

24  above  the  ground 22'2      ,, 

30  abore  the  ground I4'0      „ 

Coneiponding  retnlls  were  obtained  at  Westminster  Abbe;,  York  Minster,  'White- 
haven, Caleotta,  and  Bombaj.  This  may  be  explained  by  sujiposlns  tbe  cold  nun  as 
it  descends  to  condense  tbe  moisture  of  the  air  through  which  it  passes :  it  is  staled 
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from  the  cloud  to  the  earth,  descending  harmlessly  by  good  oondnetors,  or  with 
fatal  energy  to  the  masts  of  ships  or  the  spires  of  churches,  &c.  &o.,  where  not  so 
protected. 

The  height  of  the  atmosphere  is  estimated  at  from  50  to  60  miles,  though  it  may 
extend  to  a  much  greater  height  in  a  highly  rarified  form  ;  hut  in  consequence  of  its 
elasticity  and  the  condensation  of  the  lower  portion  by  the  pressure  of  the  upper, 
three-fourths  of  its  volume  is  within  6  miles  of  the  surfiice  of  the  earth. 

The  average  pressure  of  the  atmosphere  at  the  sea  level  is  14|  lbs.  per  square  inch, 
or  equivalent  to  a  pressure  of  30  inches  of  mercury ;  but  in  consequence  of  the 
different  density  of  the  idr  depending  upon  the  temperature,  and  those  great  displace- 
ments caused  by  currents  in  the  air,  the  pressure  is  found  to  vary  from  28  inches  of 
mercury  to  31  inches, — the  ordinary  limits  of  the  scales  applied  to  the  barometer. 

If  the  air  was  of  an  uniform  temperature  over  any  given  place,  the  pressure  would 
diminish  uniformly  as  we  ascended ;  but  in  consequence  of  the  decrease  of  temperature 
as  we  ascend,  and  the  greater  density  produced  by  the  cold,  this  regularity  in  the 
decrease  of  the  pressure  does  not  exist :  hence,  in  determining  altitudes  by  the  baro- 
meter, it  is  necessary  to  take  this  element  into  the  calculation. 

In  consequence  of  the  expansion  of  the  air  by  increase  of  temx)erature,  it  is  found 
that  the  pressure  of  the  atmosphere  diminishes  as  the  temperature  increases ;  thus  the 
pressure  of  the  atmosphere  in  the  tropics  is  less  than  it  is  in  places  remote  from  it — 
it  is  less  in  summer  than  in  winter — it  is  also  less  at  the  warmest  hour  of  the  day 
than  at  the  coldest — it  is  less  also  when  warm  winds  prevail  than  when  the  colder 
blow  :  this  may  be  considered  as  the  general  law  for  the  pressure  of  the  dry  air,  but 
as  the  air  is  generally  loaded  with  moisture  in  proportion  to  the  temperature,  it  is 
necessary  to  deduct  from  the  observed  height  of  the  barometer  the  pressure  which  is 
due  to  the  vapour  of  water  mixed  with  the  air. 


nORARY   AND  DIURKAL  OSCILLATION  OF  BAROMKTSR. 

It  is  known  that  the  barometer  has  a  tendency  to  a  certain  regular  oscillation, 
independent  of  marked  changes  in  the  weather.  In  latitudes  below  64°,  the  mean 
barometric  height  is  greatest  about  9  J  to  10  a.m.,  and  least  about  8}  to  4  p.m.  ; 
while  above  64°  it  is  reversed.  A  second  maximum  is  commonly  attained  about 
10  P.M.,  and  a  second  minimum  about  4  a.m. 

Baron  Humboldt  says — **  The  hourly  variation  of  the  barometer,  which  under  the 
tropics  presents  two  maxima  at  9  or  9^  a.m.  and  10^  or  lOf  p.m.,  and  two  minima 
at  4  or  4 1  P.M.  and  at  4  a.m.,  which  are  nearly  the  hottest  and  coldest  hours  of  the 
day,  was  long  the  object  of  my  most  carefol  daily  and  nightly  observations.'*  Similar 
results  were  obtained  from  the  observations  taken  in  the  Deccan« 

On  the  other  hand,  from  observations  made  in  the  Sandwich  Islands,  on  a  moun- 
tain above  13,000  feet  high,  it  appeared  that  the  barometer  had  there  only  two 
fluctuations — a  minimum  early  in  the  morning,  and  a  maximum  about  3  p.m.  ;  and 
Col.  Sabine,  R.A.,  states,  that  *'it  has  become  known,  that  in  the  interior  of  great 
continents  very  distant  from  the  ocean  or  from  large  bodies  of  water,  from  whence 
aqueous  vapour  may  be  derived,  and  where  the  air  consequently  is  at  all  times 
extremely  dry,  the  double  maximum  and  minimum  of  the  diurnal  variation  of  the 
barometer  either  wholly  or  almost  wholly  disappears,  and  the  variation  consists  in  a 
single  maximum  or  minimum  which  occur  respectively  nearly  at  the  coldest  and  at  the 
hottest  hours  of  the  day ;"  and  that  **if  the  elastic  force  of  the  vapour  be  observed  by 
means  of  an  hygrometer,  with  the  same  care  that  the  barometer  is  observed,  and  if 
the  respective  pressures  of  the  elastic  forces  of  the  air  and  the  vi^aoura  upon  the 
mercury  of  the  barometer  be  separated  from  each  other,  the  diomal  variation  of  the 
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dty  kir  exbibita  tt  all  aUtiona  in  (lu  tempeisto  lona  at  which  DbHemtioni  hare 
hitherto  been  nude,  a  limUu'  course  to  that  which  the  Thole  baromelrii;  prenore 
prodoces  al  the  BuUibd  etatioti,  where  the  air  is  natnrall;  dry." 

Profenor  Bap?  renurke  on  the  horary  variations  of  the  barometer  :  "Bendea  the 
flnctuatiDni  of  the  barometer  depending  npou  Btonoa,  there  are  Siur  daily  flnctoatdDDa 
prodooed  en^el;  by  the  inoreasing  and  diminishing  elasticity  of  the  air  dne  to 
increaaiug  and  diminiahing  tempentnre.  When  the  na  lisea,  the  aii  be^na  to 
expand  by  hMt ;  tbia  eipooaioD  of  the  air,  eapecially  of  that  near  the  aorbca  of  the 
earth,  lifla  the  strata  of  airabore,  which  prodneeaji  reaction,  causing  the  baromsta 
to  rise  ;  and  the  greatest  riae  of  the  barometer  takes  place  when  the  increase  of  heat 
in  the  lower  part  of  Uie  atmosphere  is  most  rapd — that  ia,  about  0  OT  10  A.11.  The 
barnmetar  from  tJut  time  begins  to  Call ;  and  at  the  moment  of  nmimnm  heat,  when 
the  air  is  ndtber  eipaoding  nor  contracting,  tiie  barometer  uidi<»t«s  the  exact  weight 
of  the  atmoaphere.  The  bamineter,  howcTer,  oontinoes  to  descend,  on  account  of  thtt 
diminishing  tennon  of  the  air,  and  conseqaent  sinking  upon  itself,  as  the  eTeoing 
adTaDoea,  and  its  greatest  depneaioD  ia  at  the  noment  of  the  most  rapid  acceleiaticn 
of  diminntion  of  lemperatnre,  which  is  abont  1  or  6  F.M.  At  this  moment  the 
barometer  indicates  a  less  pressure  than  the  true  weight  of  the  atmosphere.  The 
whole  upper  parts  of  the  atmoa^Jiere  have  now  acquired  a  aomenlam  dowowarda, 
which,  as  the  motion  diminishes,  caosel  the  barometer  to  riae  above  the  mean  ;  this 
takea  place  at  the  moment  when  the  diminatiou  of  the  motion  downwards  is  the  most 
rapid.  This  imTJmimi  of  Hse,  which  takes  place  about  10  p.v,,  ia  small  when  com* 
pared  with  that  at  9  or  10  a.m.  As  the  barometer  now  stands  abcre  the  mean,  it 
most  neoessarily  desoend  to  a  mean  at  the  moment  when  tbe  mt  U  neither  inenasing 
nor  diminisliing  in  temperature,  which  is  just  before  murise. 

"  If  this  be  the  true  explanation  of  the  four  daily  flnotuations  of  tbe  barometer,  il 
will  follow  that  the  morning  rise  ought  to  be  greater  at  considerable  elsTations  on 
moontaina,  prorided  they  are  not  too  great,  because  some  of  the  air  will  be  lifted 
above  the  place  of  obserration  by  tbe  expansion  below.  This  deduction  agrees  well 
with  the  obaeTrations  of  CoL  Sykea  in  India ;  he  fbnnd  the  noctunial  falling  minimum 
flnetuatiOB  fhim  10  or  II  p.v.,  to  4  or  G  i.>.,  to  be  '0181  inch  at  Poonah,  about 
1300  or  SDDO  feet  high,  and  the  diurnal  rising  flnctnation  from  4  or  G  a.m.,  to  0  or 
10  A.it.,  to  be  '04iG  inch ;  and  at  the  height  of  4500  feet  he  gives  these  same  flactoa- 
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maximum  l>etween  1  and  2  p.m.,  and  again  gradually  desoenda  to  its  minimum, 
showing  only  one  defined  maximum  and  minimum ;  the  barometrio  curve,  on  the 
contrary,  shows  two  well-defined  maxima  and  minima.  Also  that  the  first  maximum 
of  the  barometer  takes  place  while  the  temperature  is  increasing,  and  the  Beeond, 
when  the  temperature  is  decreasing. 

VariatMn  of  Mean  Height  vUh  LaHtude. 

M.  Eaemtz  gives  the  following  as  a  result  of  observations  made  by  Brman,  Herschd, 

and  others. 

Inebes. 

Mean  height  of  barometer  at  sea  level  .  .=    29*974 

At  equator  about =    29*842 

r  29*999 

At  latitude  of  10**  the  pressure  increases,   and  between 


r  2V  1 

•     Uo-( 


or 

80'  and  40*  attains  its  maximum         ....       1  QA.A7g 

From  this  zone  it  diminishes  and  about  the  5th  degree  .     .  =    29*921 
In  more  northern  countries  it  desoends  to  about        •        .  =    29*763 

Sir  J.  Herschel  found  the  pressure  increased  firom  poles  and  equator  towards  about 
the  25th  degree  of  latitude,  the  former  increase  being  much  more  rapid  than  the 
latter.  The  isobarometric  lines  do  not>  however,  follow  parallels  of  latitude  ;  for  in 
equal  latitudes  the  barometer  is  *137  inch  higher  on  the  Atlantic  Ocean  than  the 
Pacific. 

The  meteorological  instruments  employed  in  indicating  the  condition  of  the  atmo* 
sphere  will  now  be  described. 

Barometer, 

The  instrument  employed  to  measure  the  pressure  of  the  atmosphere  is  the  baro- 
meter :  the  mode  of  constructing  these  instruments  is  very  different,  but  the  principle 
is  the  same  in  alL*  If  a  glass  tube  about  3  feet  long  is  filled  with  mercury  and 
carefully  inverted  in  a  cup  of  the  same  fluid,  it  will  be  found  that  the  mercury  will 
stand  in  the  tube,  in  consequence  of  the  pressure  of  the  atmosphere,  at  about  the 
height  of  30  inches  above  the  surface  of  the  mercury  in  the  cup  ;  or  if  a  siphon,  one 
end  of  which  is  closed,  is  filled  with  mercury,  and  then  held  in  a  vertical  position  so 
as  to  leave  a  vacuum  at  the  closed  end,  the  difference  between  the  levels  of  the 
mercury  in  the  two  columns,  as  in  the  former  case,  will  be  about  80  inchei^  and  vary 
in  proportion  to  the  pressure  of  the  atmosphercf* 

Fig.  1  represents  the  construction  of  the  barometers  which  have  been  adopted  for 
the  use  of  the  Officers  of  the  Eoyal  Engineers  at  our  principal  foreign  stations.  P  is 
an  ivory  point  which  is  the  zero  of  the  scale,  and  to  which  the  surface  of  the  mercury 
in  the  cup  or  cistern  is  exactly  adjusted  by  means  of  the  screw  b,  which  raises  or 
lowers  the  mercury  as  may  be  required ;  the  brass  tube  surrounding  the  tube  of 
mercury  is  the  scale  of  the  instrument,  the  upper  portion  of  which  is  graduated  so 
that  with  the  vernier  y  the  height  of  the  column  of  mercury  can  be  read  to  the  one- 
thousandth  part  of  an  inch.  The  thermometer  T  is  inserted  at  o  into  the  mercury 
in  the  cistern,  and  the  instrument  is  adjusted  in  a  true  rertical  position  by  the 
screws  at  A.  The  corrections  to  be  applied  to  the  readings  of  the  barometer  are  for 
capillarity,  which  is  always  additive,  as  the  action  of  the  tube  is  to  depress  the 

*  The  Aneroid  barometen  are  not  referred  to,  for  although  they  indicate  any  change  in  the 
amount  of  pressure,  they  do  not  accurately  indicate  the  amount. 

t  Gay-Lnssac's  mountain  barometers  on  thb  prindple  are  very  perfect  inatnunente,  and  were 
used  by  the  Offlcara  employed  on  the  Survey  of  the  North  American  boundary. 


E:camplc. 

Inaei  error  +  '003 
Capilliuitj     +-01« 
TcLoperatnrB  —  'laS 

■lOG 

TlicrtDometet  77^ 

r   From 
I  Table. 

Corrected                 =    2B-U50 

f 
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k^ifht  of  tlM  mlniiui  of  mercury  :  the  unonnt  of  thii  corrMtion  ia  nsoallj  slated 

Vj  Un  maker  of  the  InftrnmeDt,  or  is  token  from  Tsblei  ^^  j 

wyth  iWfi  Uw  BQiqnnt  fer  «Mti  sined  tnb«,    All  tlM  in- 

■Irulauntii  Fu^nt  tn  the  Bofnl  Engineer  Stutioua  have  bcT'n 

OiiniAmd  with  the  etnndurd  barometer  at  Gre^Dwirh,  anil 

thtj  iiiiloT  error  of  eiich  detenuined.     For  strict  cprnparison 

of  thi)  resulla  obtained  in  different  parla  of  the  globe,  it  ii 

noecaaarj  to  redoce  the  readings  to  cnmrnon  utonJardi  of 

tompcmture,  and  to  apply  coriectioas  fi>r  the  altitude  of  ■ 

Uis   iliffsreDt  Etationa  nbove  Iho  lerel  of  the  sea,  and  also 

for  gravitj,  depending  upon  the  latitude  of  the  stations. 

These  corrections  are  nmdeied  extrcmol;  aimple  by 
toosna  of  Tftblea  which  will  be  found  in  the  Report  of  the 
Eujat  Society  on  Phjeica,  and  by  the  Tables  computed 
from  Bjuley'a  fhnnnla  fur  dofonnuiiug  altitudes  by  moans 
of  the  barometer ;  bat  it  is  only  necessary  to  apply  the 
corrootion  fur  the  indei,  error  and  capillarity,  and  fur 
temperature,  to  t)ie  periodical  ol>scrvHliaos  :  the  other  cor- 
rections are  applied  only  to  the  ineiin  results. 

\ 


Hi 


Instmmenta  vHh  closed  cisterns,  without  z 
require  a  correction  for  capacity,  but  these  ar 
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the  i)Mrit  in  the  tube  to  the  laweat  point  to  which  the  ipirit  deaoended,  -when  it 
i«muii« ;  the  Bpiiit  in  aaceading  putea  it  nithont  distattoDg  its  ponlion. 
Fig.  2. 


LU=.4?  X 


point,  1. 


'  the  temperature  of  the  nir,  and  ulso  the  tempcraturo  of  the  dew 
which  the  temperaton;  of  the  air  mast  be  reduced  to  prodnce  Batuialiau 
Pig.  3. 


iiqneoiis  vapours  con- 
taintd  JQ  it,  uesrly  all 
tho  hj-grometrieal  prob- 
lemB  can  be  BOlvci  Da- 
niclCi  IJyi/romeltr  is  de- 
signed  to  indicate  the 
tempcratare  of  tlto  den' 
puint;  itconeiBtaofatubc 
bent  aa  ehcvn  in  fig.  3, 
in  one  arm  of  vhich  is  a 
small  tliennometer  jar- 
tinlly  immersed  in  the 
ether,  vith  which  the 
bulb  D  is  half  filled;  the 
other  bulb  J,  is  coreied 
with  maslin,  and  by 
dropping  ether  on  it  the 
temperature  of  lb"  ether 
in  B  is  nipitty  reduce! 
till  a  ring  of  dei  appears 
nt  the  level  of  tlie  etler 
in  B  :  the  exa  t  reading 
of  the  therroometir  at 
the  moment  the  dew  apj 
point.'     The  temperature  of  the  air  is  wen  b;  Iba  thennometer  attached  to  the  stand. 
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Thin  bBlmnieiit  coi 
IT  miulin,  uid  kept 

Fig.  i. 


Wet  and  Dry  Sulb  Hygnmeter. 

>1s  of  two  thermometera  :  the  bulb  of  one  is  coTered  iriUi  silk 
>iutftiitl;  moist  bj  some  threads  of  cotton  or  silk  vbich  are 


sttached  to  it  and  communicsts  with 
a  small  vessel,  v,  of  distilled  or  rain 
vater ;  the  other  Iralb  is  nneoTered 
and  eiposed  to  the  air.  As  evapora- 
tion proceeds  from  the  vet  bnlb,  the 
temperature  is  lovered  in  proportion 
to  tbe  drjness  of  the  air  :  if  the  air 
is  saturated  with  moisture,  there  will 
be  no  dJEfereace  between  the  readings 
of  the  two  thermometers  ;  but  if  the 
air  ia  very  dry,  the  differenee  is  very 
great,  and  hoH  been  observed  as  much 
as  20°  in  this  constry. 

From  simultaneous  obscrvaUona 
made  at  the  Eoyal  Observatory  at 
Qreenwich,  with  DanicU's  hygrometer 
and  the  wet  and  dry  bulb  hygro- 
meter, 'factors'  have  been  oblained, 
vhich,  if  multi|)lied  by  the  difference 
between  the  readings  of  the  dry  andwet 
butb  thermometers,  and  the  product 
deducted  from  the  reading  of  the  dry 
bulb  thermometer,  give  proriniutelj 
the  temperature  ot  the  dew  point  as 
observed  by  DaaieH'o  hygrometer. 

The  '  bctors '  obtained  from  the 
given  in  the  following  Table,  and  an  example  of  the  mode 


I  .  t  ,  I  .  r  ,  1  .  r 


Greenwich  obeervktit 

of  computing  the  temperature  of  the  dew  pdnt  is  sabjoined. 
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Tablfls  of  the  elaiiie  force  or  tenaioii  of  aqneom  Yapoor  hare  been  calculatod  from 
experiments  made  by  many  distingiiished  ideiitific  men ;  those  of  Dr.  Andezaon,  frxim 
the  experiments  of  Dalton  and  Ure,  are  considered  by  Dr.  Apjohn  as  most  oorreoi. 
The  Table  in  the  Report  of  the  Royal  Society  on  Physics,  &Cy  gives  the  height  of  the 
columns  of  mercury  which  the  elastic  force  or  pressure  of  the  aqueous  Tapoor  mixed 
Vitb  the  air  is  capable  of  supporting  at  every  degree  of  temperature  from  0  to  124°  of 
Fahrenheit,  and  is  a  correction  to  be  applied  to  the  barometric  heights,  where  the 
pressure  of  the  dry  air  only  is  required  to  be  known. 

The  temperature  of  the  dew  point,  by  the  aid  of  that  table,  may  be  oomputed  from 
the  following  formnla  by  Dr.  Apjohn  : 

/"  =  /-<i(-0114)x^-=l^, 

where  /"  =  the  force  of  aqueous  vaponr  at  the  temperature  of  the  dew  point ; 

/' =  ,,  „  ,,  of  wet  thermometer ; 

d   =  difiference  between  the  two  thermometers  ; 

2)    =  pressure  shown  by  the  barometer  at  the  time  of  observation. 

The  factor  ■  may  be  omitted  under  the  ordinary  circumstances  of  temperature 

oO 

and  pressure,  but  must  not  be  omitted  where  observations  are  taken  at  considerable 

altitudes  above  the  level  of  the  sea. 

In  the  example  before  given. 

Temperature  of  the  air  =  66** '5 

Wet  bnlb  =  58  '5  f  =  0-4880  tension  of  vapour  from  the  Table. 


8  -0 
•0114 


•0912--0<J12 


Temperature  of  dew  point  62' '5        ='3968 

The  observed  temperature  of  the  dew  point  of  Daniell's  hygrometer  was  also  52*^*5  ; 
the  computed  temperature  of  the  dew  point  by  Apjohn*s  formula  is  therefore  correct, 
whilst  there  is  an  error  of  l'**2  in  the  computation  by  the  Greenwich  factors  ;  but  it 
has  been  found  that  Apjohn's  formula  does  not  give  correct  results  in  places  where  the 
temperature,  as  in  India,  is  very  high,  and  the  differences  between  the  readings  of  the 
dry  and  wet  bulb  are  as  much  as  86*.  In  some  cases  it  is  extremely  difficult,  if  not 
imi>ossible,  to  reduce  the  temperature  of  the  ether  in  Daniell*s  hygrometer  so  as  to 
produce  dew  on  the  bulb ;  and  instruments  by  means  of  which  a  current  of  air  is 
made  to  pass  through  the  ether,  by  which  the  temperature  is  reduced  several  degrees 
below  freezing,  have  l^een  made, — of  which  that  by  Regnault  is  most  approved. 
Hygrometrical  Tables,  with  instructions  for  the  use  of  the  wet  and  dry  bulb  hygro- 
meter, have  been  pul>lished  by  Mr.  Glaisher,  of  the  Royal  Observatory  of  Greenwich, 
by  the  aid  of  which  all  the  hygrometrical  problems  may  be  easily  solved. 

In  the  cases  of  instruments  sent  to  the  Royal  Engineer  Stations,  Mos.  5  and  6  are 
wet  bulb  thermometers,  and  have  a  trough  of  water  (w)  below  them.  Nos.  8  and  5, 
or  Nos.  4  and  6,  are  therefore  dry  and  wet  bulb  hygrometers. 

Wind  QawjeJ" 

The  wind  gauge  is  designed  to  mearare  the  force  and  direction  of  the  wind. 

Lindas  wind  gauge  consists  of  a  glass  siphon  carried  by  a  vane^  one  end  of  the 


*  See  alto  A  If  KM  OH  BTBS. 
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edpbDB  bdng  bout,  ao  w  to  poict  alrayi  in  tlis  dinoUon  of  tbe  wind  :  tiie  ditferenvs 
between  tb«  level  of  the  water  io  the  tiro  anos  of  the  aiphon  indicatra  tbe  prearnn  of 
IheviDd. 

Vbeirell'i  Tuid  gangs  U  on  tbs  principle  of  a  wind-mill ;  it  it  kept  dirtctlj  fAcing 
the  irind  bj  UMOt  of  the  -rane,  and  the  prsKiura  aud  velocity  of  the  vind  ii  lacti- 


FJg.  G._Wind  Gauge.     Scale  ^jtb  the  faU 


xtrt^' 
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stations  of  the  Bojal  Engineers  ;  it  is  represented  standing  on  a  stool,  to  explain  its 
constmction,  bat  it  may  be  placed  on  the  top  of  a  hoose,  and  its  indications  read  in 
any  room  of  it,  or  it  may  be  placed  on  a  pole  well  steadied  with  gny-ropes,  and  its 
indications  read  at  any  convenient  height  from  the  ground. 

It  consists  of  a  vane  supported  and  turning  on  an  iron  tube  T,  and  a  plate  of  tin  P, 
one  foot  square,  sliding  by  means  of  a  rod  through  it,  on  fricUon  rollers  in  the  upright 
supports  on  the  vane  :  a  wire  is  attached  to  the  end  of  the  rod,  and  is  connected  by 
means  of  a  short  piece  of  chain  passing  over  the  wheel  (w)  to  another  piece  of  wire 
leading  to  the  index  i,  which  is  made  on  the  principle  of  a  common  weighing  machine  ; 
and  as  there  is  very  little  friction  in  any  part,  the  pressure  is  very  accurately  seen  by 
the  index :  the  maximum  pressure  between  the  periods  of  observation  is  seen  by  means 
of  a  second  hand  which  remains  at  the  furthest  point  to  which  it  has  been  carried  by 
the  index  hand  :  a  spur-wheel  at  A  has  been  provided  for  each  instrument^  so  that  a 
piece  of  cord  fastened  to  the  other  end  of  the  rod  may  be  led  over  it,  and  weights 
attached  to  determine  the  accuracy  of  the  index  :  half  the  difference  between  the 
weights  and  the  readings  of  the  index  may  be  considered  the  error  of  the  instrument^ 
and  should  be  added  to  the  index  readings  when  the  observations  are  recorded.  The 
vane  rests  on  a  hollow  truncated  cone,  on  the  end  of  the  iron  tube  t,  and  there  is  a 
second  tube  o  attached  to  the  vane  at  s,  which  passes  down  through  the  tube  t,  and 
carries  a  hand  or  compass  cord  to  indicate  the  direction  of  the  wind  :  the  inner  tube 
may  be  lengthened  to  suit  any  room  ;  the  wire  from  the  plate  P  of  course  passes  down 
through  this  inner  tube,  and  there  are  swivels  placed  on  the  wire  to  prevent  tersion. 
The  following  Table  of  the  relative  velocity  of  the  wind  to  the  pressure  upon  a  square 
foot  has  been  calculated  by  Smeaton. 


Pressure 

per  square  foot 

In  lbs. 


1 
1 
3 
4 
6 
7 

12 
17 
31 
49 


•005 
•079 
•123 
•492 
•107 
•968 
•075 
•429 
•027 
•873 
•300 
•715 
•490 
•200 


Velocity  p*>r  hour 
in  miles. 


1 

4 

5 

10 

15 

20 

25 

SO 

85 

40 

50 

60 

80 

100 


Appellation. 


Hardly  perceptible. 
Qentie  breese. 

Pleasant  brisk  gale. 

Very  brisk. 

High  wind. 

Very  high  wind. 
Storm. 
Great  storm. 
Hurricane. 
Violent  hurricane. 


Hain  Gauge. 

This  instrument  is  for  measuring  the  quantity  of  rain  which  falls  at  any  place  :  the 
receiver  is  generally  made  with  an  area  of  100  square  inches,  and  the  rain  collected  is 
measured  in  a  graduated  glass,  so  as  to  give  the  quantity  in  hundredths  of  inches  ; 
or  a  cylinder  of  sheet  copper  or  tin,  the  area  of  the  mouth  of  which  is  100  square 
inches,  and  depth  about  18  inches,  has  a  conical  bottom  and  a  smaller  cylinder  10 
inches  square  in  area  soldered  to  it^  in  which  there  is  a  float  carrying  a  scale :  10  inches 
of  rise  therefore  in  the  scale  indicate  a  fall  of  one  inch  of  rain  ;  a  rise  of  one  inch,  a 
tenth  of  an  inch  of  fidl ;  and  a  rise  of  one-tenth,  a  &11  of  one-hundredth  of  an  inch. 
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Tbii  11  ft  Terj  ooiiTenieDt  Ibnn  far  a  rain  gaoge  ;  but  those  which  hare  beeD  rant  to 
the  Bofftl  BnginKT  stationB  are  merely  line  boies,  10  iDchel  each  vaj,  with  gradwted 
glaawa,  aa  in  Eg.  B.     The  moTeable  putiUon  (t)  in  th«  nenmr,  is  to  prevent  lo« 


fnim  erapuratioD  ;  the  quwititr  receiTed  is  poured  into  the  glaaa  measure,  which,  aa 
it  only  measares  a  quarter  of  an  inch  if  fuli,  maj  have  to  be  filled  seTeral  timea. 


IndiMtiont  of  Change  of  Weathtr. 
The  words  *  Fair,  Change,  Itain,  lie.  &c.,  which  are  nsnsllj  engntTed  npon  eommon 
barometen  at  29,  29-5,  and  SO  inches,  &o.  &e.,  on  the  scale,  are  bo  hr  correct,  that 
if  the  mercnry  ii  rising  or  falling  Bt«aclily  to  thoae  pobta,  such  weather  may  cuiiGdeatly 
be  expected,  partienlarly  if  the  hygrometer  also  indicates  a  decrease  or  inirreue  of 
moiitare  in  the  air ;  but  a  audJeii  fall  of  an  inch  in  the  barometer  would  almort 
certainly  be  followed  by  a  storm,  though  the  mercury  might  still  be  fu-  from  the  level 
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PART  I. — INTRODUCTORY    REMARKS.* 

In  the  'Attack  and  Defence  of  Fortreases,*  in  this  work,  the  subject  of  Military 
Mines  was  yexy  briefly  alluded  to.  This  branch  of  Fortification  is,  however,  to  the 
Military  Engineer,  of  paramount  importance. 

By  a  study  of  the  'Attack  of  Portresses*  it  will  have  been  seen  how  irresistible 
is  its  march  ;  that  the  means  of  destruction  at 'the  disposal  of  the  besieger,  and  the 
mode  of  application,  render  the  reduction  of  a  fortress  a  matter  of  calculation.  The 
adyantagee  of  position,  number,  and  material,  are  all  on  the  side  of  the  besieger. 
But  so  soon  as  the  latter  is  compelled  to  engage  in  subterranean  warftu^,  these 
advantages  cease,  or  rather  are  transferred  to  the  besieged.  It  is  a  very  remarkable 
change.  The  French  authors,  Gumpertz  and  Lebrun,  speaking  of  the  difficulties 
which  a  besieger  would  experience  should  he  attempt  to  carry  on  his  approaches  on 
a  glacis  defended  by  countermines,  without  in  the  first  instance  destroying  them,  say — 

''The  loss  of  a  great  number  of  men,  and  the  discouragement  of  the  whole 
besieging  force,  perhaps  even  their  defection,  would  inevitably  follow  such  a  resolution. 
When,  therefore,  the  front  of  attack  is  countermined,  the  besieger  must  call  the 
miners  of  his  army  to  his  aid.  This  corps, — stimulated  by  the  importance  of  the 
services  they  are  called  upon  to  perform, — proud  that  the  progress  of  the  attack  is 
committed  to  their  charge, — convinced  that,  althoi^gh  their  operations  are  concealed 
from  the  eyes  of  their  comrades,  yet  their  daring  deeds  are  not  the  less  appreciated  by 
them, — actuated  by  all  these  motives,  penetrate  below  the  sur&ce  of  the  earth,  armed 
with  thunder,  to  seek  their  enemy,  to  struggle  with  him  in  darkness,  and  finally  to 
triumph  over  him ; — their  victory  being  incontestably  the  fruit  of  true  courage,— of 
skill  united  to  valour.*'     And  further — 

"The  miners  of  the  besieged  have,  also,  an  equal  daim  to  glory  :  although  finally 
compelled  to  yield  the  victory  to  their  opponents,  it  is  an  animating  spectacle  for  the 
besieged  to  witness,  that^  by  their  art,  the  hitherto  imperious  march  of  the  attack 
is  for  a  time  averted  :  so  soon  as  it  is  known  to  the  besieger  that  the  ground  over 
which  his  attack  must  pass  is  mined,  his  operations  become,  as  it  were,  paralysed. 
The  mine  produces  an  effect  in  the  ranks  of  the  besieger  fiir  greater  than  the  fire  from 
the  ramparts.  The  imagination  exaggerates  the  danger,  ever  appearing  more  formid- 
able as  it  is  mysterious  and  obscure.  It  is  in  vain  that  the  bravest  of  the  besiegers 
attempt  to  push  on  the  attack  and  overcome  at  all  price  the  obstacle  which  impedes 
their  advance.  Yet  a  handful  of  men,  by  a  slow,  dangerous,  and  most  difficult 
process,  conquer,  where  numbers  and  courage  succumb, — a  striking  example  of  the 
superiority  of  industry  and  skill  over  force.  And  now  a  struggle  is  commenced  and 
carried  on  amidst  silence  and  darkness.  The  besieged,  who  cannot  avail  himself  of 
such  large  charges  as  are  fired  by  the  besieger,  still  retains  on  his  side  all  the 
advantages  of  that  science  which  foresees,  observes,  calculates,  and  regulates  every- 
thing. His  attentive  ear  is  directed  to  all  the  points  by  which  the  besieger  can 
advance.  If  the  latter  is  heard,  he  is  lost :  a  volcano  whose  existence  he  suspected, 
but  whose  destructive  effects  he  could  not  escape,  shatters  his  galleries,  and  buries  him 
amidst  its  ruins ;  and  yet  no  outward  sign  betrays  to  his  companions  the  misfortune 
which  has  befallen  him.  The  besieger  then  is  satisfied  if  he  can  manifest  himself  by 
any  effort  whatever,  and  amassing  hurriedly  a  quantity  of  powder,  explodes  it  in  the 
hope  of  narrowing  the  circle  of  operation  of  the  mine  of  the  besieged,  while  he 


*  By  the  late  Lient.-Col.  J.  Williuiu,  R.E. 
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estftbliiliM  A  lodgement  on  the  «dge  of  the  crater  hi  hu  prodnoed.  Bal  the  betf^ed 
do»  not  Imt*  thil  Mwlj  soqnired  poaition  long  nndi^nrbed,  uid  b;  a  mins  which 
aui  be  fired  with  mre  and  certun  effect,  oieiibrowB  hia  g&biona  and  deetraji  the 
lodgement.  Sucb  U  the  ASbtl  of  a  anbUrrviean  warfare  :  its  continiutJoa  and  ita  close 
ate  but  a  repetition  of  the  eame  prooen.  On  the  eide  of  the  beuegor  there  sie  precan- 
Uon  and  peTBererance  ;  on  that  of  the  beiueged,  care  and  aetivitj ;  in  both,  patience 
and  oouiage.  The  Itul  scone  in  the  combat  ahowi  the  besieged  repulsed  bat  not 
eoaqnered ;  while  be  maj  birlj  proclaim  that,  for  the  continoatioa  of  the  straggle,  it 
is  not  courage  that  ii  wanted,  bnt  aims." 

There  can  be  no  donbt  that  all  Bngineei*,  who  wish  to  restore  the  balance  between 
the  attack  and  defence,  ghould  direct  their  attention  to  nibtemaiean  deiensiTs  opei>- 
tioos  ;  for  a  aaccestful  application  of  Uiese  maj  cttuse  either  the  raising  of  a  siege  or 
a  Terr  considenble  pioliaiptiaa  of  its  dnration,  and  the  time  thna  gained  is  often 
inTalnable. 

Hilitar;  miniag  as  a  system  has,  however,  bitherto  plajed  a  ■eooodar;  poit  in  the 
opsntions  of  war.  The  onlj  records  of  its  eitensiTS  emplojment  are  to  be  fonad 
in  tlie  aeooDDts  of  tbs  siege  of  Candia  by  the  Tarki,  in  ICtS,  Sdiweidniti,  in  17S9, 
bj  Frederick  tbs  Qreat,  of  SUistria  in  ISEJ,  and  Sebastopol  in  18GG.  Notwith- 
standing, howerar,  this  dinue  of  mines  in  aetnal  warGue,  Ibe  aabjeet  has  receiTsd 
couuderable  attention  at  different  periods  from  distingnisLed  Bngineeis  ;  and  sjstenu 
(as  thejr  are  termed)  of  countermines  are  conieqnentir  vtrj  nnmemoi.  Among  the 
most  celebrated  of  them  sjitems  are  those  of  Qoulon,  Valliire,  Hesgrignj,  Delonne, 
Cormontugne,  Kngi,  Uouii,  Dnbnat,  and  Haiescot.  Tbs  object  of  the  Bngineer,  in 
each  Bjstem,  appears  to  have  been  so  to  dispose  his  subterranean  works  as  to  deatn; 
dMTMiovsiarfioeapproacheeof  the  besieger  when  in  adrauoe  of  his  third  parallel;  but 
more  partioularlj  the  breaching  battetiei  which  he  established  on  tiie  crest  of  the  glad*. 

A  brief  notice  of  tbe  Tarious  circumstancea  under  which,  at  different  periods,  mines 
hare  been  employed  in  war,  will  properly  pre&oe  the  present  article.  Their  earliest 
application  appeata  to  have  been  made  in  the  Attack,  and  nrnpl;  for  tbe  parpoae  of 
gaining  aocess  into  the  interior  of  fortified  towns  by  means  of  a  subterranean  galleiy 
pasdng  under  the  walls  of  the  fortress.  The  abfioas  inconveniences  attending  lach  a 
mode  of  attack  soon  occasioned  ita  diaose,  bnt  a  more  socoeaful  employment  of  mining 
fallowed  ;  Tii.  ccntinoiug  the  galleries  only  as  Car  as  the  fo&ndation  of  the  principal 
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powder  ;  hn6,  what  is  remarkable,  almost  two  oentnries  elapsed  between  ita  inirentioii 
and  the  use  of  it  in  mines.  The  drcnmstanoe  under  which  the  first  mine  charged  with 
powder  was  exploded  is  thus  narrated  by  Bonsmard. 

''The  French,  under  Charles  the  Eighth,  in  1508,  baring  OTermn  with  great 
rapidity  the  kingdom  of  Naples,  were  as  quickly  dispossessed  of  their  conquest  by  the 
Spaniards,  under  the  ^Eunous  Gonsalro  di  Cordova,  sumamed  the  Great  Captain.  A 
single  post,  defended  both  by  nature  and  art,  alone  remained  in  possession  of  the 
French,  and  resisted  for  three  years  the  united  efforts  of  the  Spanish  and  Neapolitan 
armies  to  reduce  it :  this  was  the  Oastello  del*  Uoto^  in  the  bay  of  Naples,  constructed 
on  a  rock  surrounded  on  all  sides  by  the  sea,  except  where  a  narrow  isthmus  formed  a 
connection  with  the  main  land  ;  across  the  isthmus,  howerer,  a  deep  ditch  or  coupure 
cut  in  the  rock,  prevented  all  access  into  the  interior.  The  natural  defensiTe  advan- 
tages of  the  position  account  for  the  length  of  the  defence.  The  ingenuity  of  a  Spanish 
Captain,  Pedro  Navarro,  gave  at  length  the  victory  to  his  countrymen.  He  took 
advantage  of  the  contour  of  the  rock  to  open,  unseen  from  the  castle,  a  gallery  which  he 
contrived  gradually  to  drive  forward  till  it  had  arrived  under  the  castle ;  and  then 
placing  a  quantity  of  powder,  he  ignited  it  by  a  profess  which  allowed  the  miner  who 
applied  the  quick-match  time  to  escape.  The  explosion  caused  a  violent  commotion  of 
the  rock  ;  great  masses  of  it,  together  with  a  portion  of  the  walls  of  the  castle  and  a 
large  im)portion  of  the  garrison,  were  precipitated  amidst  flame  and  smoke  into  the  sea. 
Then  the  41ite  of  the  Spanish  and  Neapolitan  armies  landed  from  boats,  and  easily 
carried  the  breach  made  by  the  mine,  but  weakly  defended  by  a  small  number  of  the 
garrison,  already  dispirited  by  the  consternation  produced  by  the  explosion."  Such 
was  the  success  of  the  first  exx)eriment  in  mines  chaiged  with  powder. 

It  appears  that  the  success  which  attended  this  mode  of  destroying  defensive  works 
soon  caused  its  very  general  employment :  at  the  close  of  the  fifteenth  and  at  the 
commencement  of  the  sixteenth  centuries  access  into  fortresses  was  very  generally  made 
by  mines ;  and  indeed  so  powerful  at  this  time  seems  to  have  been  their  influence  in 
the  attack,  that  it  was  not  unusual  for  the  besieger,  after  preparing  his  mine,  to  invite 
the  besieged  to  inspect  it,  with  a  view  of  inducing  the  latter  at  once  to  surrender. 

To  return,  however,  to  the  Defence  :  the  galleries  which  had  been  employed  previously 
to  the  invention  of  gunpowder,  were  found  to  possess  certain  unlooked-for  advantages 
after  the  introduction  of  its  use  in  offensive  mines.  It  was  observed  that  when  a 
charge  of  powder  was  exploded  in  their  vicinity,  its  surface  effect  was  very  much 
diminished:  under  such  conditions  the  mine  was  said  to  be  6vent^, — 'dventerla 
mine.*  The  old  galleries  also  retained  their  original  purpose  of  informing  the  besieged 
of  the  proximity  of  the  enemy,  and  enabling  him  occasionally  to  break  into  the  gallery, 
and  destroy  the  works. 

The  first  application  of  powder  in  defensive  mines  consisted  of  small  charges ;  the 
explosion  of  which,  without  causing  any  surfitce  effect,  ruptured  the  besieger's  gallery, 
and  suffocated  its  occupiers  :  this  operation  was  called  *  giving  the  camouflet  to  the 
enemy*s  miners.*  From  the  employment  of  camouflets  to  the  introduction  of  more 
powerful  mines  was  but  a  step. 

By  the  explosion  of  larger  charges,  not  only  were  the  surface  approaches  of  the 
besieger  for  a  certain  distance  destroyed,  but  his  galleries,  which  were  at  a  less 
distance  from  the  powder  than  the  surfi&ce  of  the  ground,  were  likewise  blown  in  :  so 
soon  as  defensive  mines  were  thus  far  perfected,  the  employment  of  powder  in 
subterranean  operations,  which  at  first  certainly  favored  the  attack,  became  a  power- 
ful auxiliary  to  the  defence.  It  is  obvious,  that  when  the  besieged  had,  beforehand, 
arranged  a  system  of  galleries  under  his  glads,  he  must  necessarily  possess  many 
advantages  over  the  besieger,  who  had  to  construct  his  subterranean  approaches  in 
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gnniDd  alTsad;  oacnpied  b;  tha  minei  of  tbe  beiieged.  The  atteck,  in  place  of 
adranciDg  uniplj  bjr  rotrowiDg  the  ni&ce  of  the  glttcie,  vaa  now  oompelled  to  engage 
Id  under-groand  operations,  the  progroa  of  which  must  Dscewarily  be  «low,  aod  the 
iuue  ancerl&in  :  laperiorit;  of  faice  do  longer  availed  the  beueger,  while  the  inr&ce 
attacks,  brought  almnt  ra  lar  aa  the  foot  of  the  glacis.  bwxuDe  for  a  time  statioDar;, 
and  eipoaed  to  tha  Dear  fire  of  the  mnsketr;  of  the  fortreaa. 

To  iaerease  aliiU  mora  the  sdruitagee  of  defcDsiie  minee,  vaJioos  modes  of  pUcing 
them  were  proposed  for  destrojicg  the  trench  caioliera,  OTerthrowJug  the  breaohing 
bfttteiies  of  the  attack,  and  blowiiig  the  riuib  into  the  ditch.  Byetems  of  defeosiTe 
minea,  arranged  on  different  leTeU,  were  likeviss  proposed,  with  the  object  of 
destrojing  the  same  works  of  the  besieger  sefernl  times  in  saeeessioa.* 

The  experiments  of  Belidor  caosed,  however,  these  complieated  STBtems  to  fall  into 
disuse,  and  deprived  defenrive  mineB  genenll;  of  some  of  the  advantages  the;  had 
hitherto  poeeessed.  To  Belidor  is  dne  the  diaooTerj,  that,  b;  the  employment  of 
Urge  ehaiges,  the  galleries  of  the  besi^ed  coold  be  destrojred  from  a  considerable 
distance.  Before  his  time,  it  had  been  generally  ooncdTed  that  no  crater,  the 
diameter  of  which  eicecded  twiea  its  depth,  coold  be  tnrmed  bj  the  explosion  of  a 
mine,  and  the  interior  effect  was  also  supposed  to  he  proportiooall;  limited  ;  bnt  as 
soon  as  the  Ulacy  of  this  opinion  bad  been  exposed  b;  Belidor, — who  proved  that  the 
radios  of  rapture  with  large  charges  mnch  eiceaded  tha  limits  osoally  assigned  to  it, 
— the  attack  received  considarabls  advantages.  The  besieger  availed  himself  of  this 
increased  noga,  and,  by  means  of  it,  cleared  the  ground  for  a  considenbia  distance 
aroond  him,  without  poshing  bis  gallariea  within  the  mnoh  narrower  limit  of  the  minea 
of  the  besieged.  This,  however,  will  be  more  particularly  explained  in  the  'Attack  of 
a  System  of  Dafauuve  Hinea.'  J.  W. 

!fale. — The  subject  will  be  treated  under  the  following  pw-ts  or  divisions:  '  Practical 
Operations  of  Mining,' — 'Ctaargasof  MineB,'— 'System  of  Permanent  Defanaive  Hinea,' 
— '  Attack  and  Defenoe  of  a  Systam  of  Defenuve  Minea.' — Editort. 


PAET    II. — PRACTICAL    OPERATIONS 
Tbe  essential  difference  between  Civil 
tha  works  are,  for  the  most  part,  carried  oi 
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The  annexed  Table  giYes  the  names  and  dimensions  of  galleries  and  bxanohes 
employed  in  mining  operations. 


1 

NAUR. 

Deecriptiun  ut  Gallery  or 
Uninch. 

Dimensions  in  the 
clear. 

1.  Great  gallery   .     . 

Height.        Width, 
tt    In.      ft    iu. 

6     6x70 

2.  Principal  gallery  . 

6     6x89 

3.  Common  gallery   . 

4     6x80 

4.  Branch  .... 

8    6x26 

Scantling  of  Frames 
GroundailL  Stiinchioiui. 


inches. 
6x8 

54  X  8 


(none 
re- 
quiffd 


} 


inches. 
6x6 

5t  X  5} 

5x5 

4x4 


Capsill. 


inches. 
6      X    84 

54    X    8 

5      X    64 

4x5 


No.  1.   Used  for  descent  into  ditches  and  the  passage  of  cannon. 

2.  For  descent  into  ditches  and  the  passage  of  troops,  two  deep. 

8.  Sufficiently  large  for  all  the  general  purposes  of  attack  ;  and  as  it  allows  the 
miner  a  free  change  uf  puBtnre,  to  work  kneeling  either  on  both  knees,  or  on  one  knee, 
with  the  right  or  left  foot  advanced,  he  works  without  feeling  cramped,  and  executes  a 
gallery  of  this  size  more  rapidly  than  Aify  other. 

4.  Too  small  to  work  in  for  a  greater  distance  than  10  or  12  feet. 


Plate  I. 


TOOLS   REQUIRED 

Pickaxe  (common). 

Do.       (short-handled),  fig.  1. 

Shovel  (common). 

Do.       (short-handled),  fig.  8. 

Push-pick,  fig.  2. 

Rake,  fig.  6. 

Canvass  bucket. 

Windlass  and  rope,  (2inch). 

Bopo  ladder. 

Wo<xlen  wedges  and  pins. 

Do.  pickets. 

Miners*  waggon,  fig.  5. 

Whcflbarrow. 

Iron  candlestick,  fig.  7. 

Lamp  (miners*). 

Lantern. 

Oil  can. 

Measuring  tape. 

Compass. 

Universal  level,  fig.  4. 


FOR  MIKINO  OPERATIORS. 


Hand -saw. 

Mallet. 

Hammer  (claw). 

Rough  plane  (}*inch). 

Chisel. 

Gimlet. 

2 -foot  rule. 

Plumb- bob. 

Boring-rods. 

5 -foot  rod. 

Bellows  (miners*). 

Ventilating  tube. 

Flexible  joints. 

Needles,  threads,  scissors. 

Calico  for  hose. 

Hatchet. 

Tin  funnel  (for  filling  hose). 

Rammers  (short-handled). 

Helves  (spare). 

Sand- bags. 


WOODEN   LINIKQB. 

It  has  already  been  stated  that  the  military  miner,  from  the  loose  or  made  soil  in 
which  he  generally  works,  has,  as  he  advances,  to  support  with  wooden  linings  the 
top  and  sides  of  bis  excavation ;  in  some  soils,  the  earth  is  of  sufficient  tenacity  to 
reciuire  only  that,  in  driving  galleries  in  it,  their  top  should  be  supported.  But  in 
sinking  shafls  it  is  always  advisable,  unless  their  depth  should  be  very  little,  to  line 
them  with  boarding  throughout,  or  at  least  partially. 
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Id  dMcribiDg  the  proceu  of  driving  a  gallery,  lh«  soil  it  mpposed  to  be  of  tlukl 
natare  whiflh  renders  cloae  c&siag  deairable. 

Thereu^  two  methods  adopted  at  the  Kojal  Engineers  Ectablishment  at  CbaUuun 
for  liniiig  ifairta  and  gallericB.  The  Gnrt  is  with  mine  frames,  wMdi,  is  appearance, 
are  similar  to  door  frames,  being  cat  out  of  scantling,  and  placed  npright  or  horiion- 
tallj  at  certain  interralB  in  the  galler;  or  abaft,  as  the  cose  may  lie,  and  vhicb  serre 
w  supports  to  planks  called  sheeting  planks,  which  are  placed  alt  round  betireen  tiia 
ftames  and  the  sides  of  the  eicaTatioa.  The  second  is  with  cases,  which,  instead  of 
being  made  from  scantling,  are  formed  ont  of  plank,  abont  2  inches  thick  and  1  foot 
wide,  SJid  when  placed  close  together,  serve  at  once  for  fiamea  and  sheeting.  The 
adTantsge  of  this  latter  method  in  saving  eicavation,  and  consequently  expediting 
the  work,  is  at  once  obvioos;  besides  which,  the  fstnlity  of  fixing  them  up  is  mnoh 
greater  :  these  and  other  collateral  advantages  have  been  so  much  felt  at  the  Bngineer- 
ing  Ratablishment  at  Chatham,  that  oases  have  quite  npereeded  mine  frames  in  tha 
practice  there )  bnt  as  eircnmstanoea  may  oocor  which  render  it  more  oonvenient  to 
use  framss  and  sheeting  than  cases,  both  methods  will  be  described,  commencing  with 
the  former. 


Shaft  frames  are  composed  of  four  pieces,  two  of  which  are  long  and  two  short. 

The  long  pieces  are  of  the  same  uniform  section  throngliout ;  the  short  pieces  are 
notched  at  each  end,  so  as  to  form  shoulders  for  the  long  pieces  to  abut  against.  (See 
figs.  1  and  2.)  The  depth  of  these  notches  is  made  eqnil  to  one-third  of  the  width  of 
the  p»c«. 

Kg.  1.  Fig.  2. 
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depth ;  S*  I?  41"  will  be  lonnd  mffident  far  til  dufta  not  ez«eeaing  3  fM  b^  *  feat ; 
and  thia  1116(3x4})  ig  probablj  tha  lu-geat  that  would  erer  be  nqnircd  in  Geld 
openttiont.     For  temponr;  pnTpaaes,  4'  bj  S'  tQI  be  nfficieal  tor  ■  abaft  6  feet  in 

In  addition  to  the  eommon  shaft  fnunea  bafora  deacribed,  it  it  proper  to  have  on* 
expreaaly  for  the  top  of  each  ahalt ;  iU  diineudooa  in  the  dear  are  tha  aama 
aa  thoM  of  the  common  ftun«s,  bat  ths  enda  of  the  two  long  pieces  are  mada 
to  project  about  1  foot  each  w&j  (Gg.  8}  :  the  parte  of  thii  description  of  frame  are 


Pig.  8. 


tiaea  which  ore  equal  ia  length 
and  width  to  the  whoU  width 
of  the  wood,  but  in  depth  to 
one-thini  onlj  :  the  tame 
Mantling  maj  lerTe  both  for 
the  top  shaft  frame  and  the 
oommiHi  ones,  bnt  not  without 
rereiring  the  poaition  of  the 
[ueeea  ;  for  in  the  lop  frame 
the  depth  ahonld  be  greater 
than  the  width. 

The  sheeting  for  ahaftE 
ahoold  be  of  plank  from  1" 
to  H'  thick  ;  the  planka  are 

nmallj  chamfered  at  one  end,  to  admit  of  thdr  bring  more  eaailj  poahed  fomrd ; 
(heir  length  will  depend  on  the  diaUoees  at  which  the  fnunea  aie  placed,  which  on  an 
KTeraga,  maj  be  anomed  to  be  i  feet :  the  planka  ma;  therefore  be  cnt  in  length*  of 
6  feet)  which  will  allow  the  neoesaar;  orerlap. 
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It  haa  been  fonnd  that  one  man  can  work  in  a  abaft  not  leea  than  4  feet  ia 
depth,  and  throw  out  earth  until  it  ia  6  or  9  feet  deep  ;  after  which  the  earth  i« 
drawn  np  in  a  eanvaaa  bag  b;  two  men  at  top,  bj  means  of  rope*  attached  to  each 
of  iU  handles  :  ahoald  the  depth  become  great,  a  windlaai  and  bucket  mnit  be 
■abatitnted. 

The  diapoution  of  the  workmen  ia  as  follows  ; 

1  man  cxcaratee  and  Gila  Uie  bog. 

2  men  haul  up  or  work  the  windlaai. 


FlDhOI 


r  patti  of  lb*  (runt  ikonlil  ba  Botchtd  la  lt> 
*t  nutcriallj  afttrwida  In  Iha  proper  adjutnuik  or  th«  fno 
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1  maaGllji  (he  wheelbarrow,  wheels  and  apirkdl ;  or  1  filli. 

1     „      wheeU. 

1  „  eprcuds,  to  prevent  &n  ftecumnlation  which  might  attrkd  otaervatiun. 
Two  gangPB  or  rods  for  the  eitreme  dimenwon  of  the  rectangle  of  eicara^on  are  to 
b«  proTideJ  :  theae  two  rode  miiiit  reBpectiTel;  exceed  the  true  exterior  dimeDaioni  of 
the  abaft  fnme  in  length  b;  sbunt  A  inches  (3  iochea  on  each  aide),  in  order  to  admit 
of  two*  thlcknesaea  of  ahseting  phmka  being  introduced  all  round,  between  the  frame 
tud  sides  of  the  eieaTation. 

The  top  shaft  frame  huriDg,  when  placed,  onlf  one  thickneaa  of  aheeUng  plan^ 
Toond  it,  the  rectaogle  of  eic&intina  mnat  be  marked  on  the  gronnd  rather  less  than 
the  dimeuaioDB  of  the  gaugea.  When  the  shaft  la  intended  to  be  sunk  with  a  view  to 
the  commencement  of  a  gallery,  eare  must  be  taken  that  the  long  sidea  of  thia  rectangle 
■hall  agree  with  the  direction  of  the  proposed  gallery. 

The  distance  at  which  the  fioor  of  the  gnllerj  ia  to  be  placed  below  the  snr&oe  of  the 
ground  being  giTcn,  the  first  thing  to  be  d<ine  ia  to  determiue  the  diatance  to  be  left 
between  the  framea.  To  find  this,  let  ua  suppose  that  a  common  gallerj,  *  feet 
S  inchea  high  iu  the  clear,  is  to  be  driven  from  the  bottom  of  a  shaft  25  feet  deep  : 

Then  the  height  of  the  gallery  from  tlie  floor  to  the  lop  of  the  ft.      in. 
capsill  being 6       1 

Thickneaa  of  top  sheeting 0      2 

Free  space  for  introdnction  of  do 0      2 

Thickneaa  of  shaft  frame  next  above  the  gallery   ,  ,     0      1^ 

G      91 

The  top,  therefore,  of  the  frame  above  the  gallery  mnst  then  be  flve  feel  S{  inehea 
from  the  bottom  of  the  shaft.  Subtract  thia  from  the  total  depth  of  25  feet,  there 
remain  19  feet  2}  inchea.  There  would  then  be  required  foor  intervals  of  4  feet 
each,  and  one  of  3  feet  2^  inches  for  the  Isat  interval  To  find  the  length  of  the  last 
set  of  aheetitig  plauka,  the  thickneas  of  one  frame  and  an  overlap  of  2  inches  must  be 
added  to  fi'  9^",  making  G'  i". 

An  excavation  of  the  size  of  the  rectangle  previously  marked  muet  then  be  cat 
vertically  down  to  the  depth  of  2  or  3  feet ;  after  which,  one  of  the  top  shaft  frames, 
before  described,  ia  placed  correctly  over  the  excavation,  the  projecting  pieces  pre- 
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bottom  it  18  kept  oat  from  the  lower  firame  by  wedges  rather  thicker  tban  the  p]ank 
itselH  The  two  frames  are  then  connected  together  by  fi)ar  ties  of  wood,  which  art 
thin  lathS)  about  2  inches  wide,  extending  Yertically  from  one  frame  to  the  other, 
being  nailed  to  each  :  sumetimes  rope  is  used,  in  which  case  it  is  made  to  pass  through 
holes  bored  in  the  frames,  and  a  knot  on  the  roiie,  or  a  picket  between  the  strands, 
immediately  under  the  lower  frame,  prevents  it  from  falling.   (See  Figs.  4  and  5). 


Fig.  4. 


Fig.  6. 

^■■j>.-..4.o^-  A -»4I- 


After  the  first  two  shaft  frames  and  one  set  of  sheeting  planks  are  thus  placed,  and 
the  frames  connected,  the  excayation  is  continued  about  i  feet  deeper,  when  another 
frame  is  placed  with  the  same  care  :  a  second  set  of  planks  is  then  introduced  between 
the  first  set  and  the  second  frame,  after  removing  the  wedges  which  were  before  in- 
serted :  in  order  to  preserve  room  for  them,  these  new  planks  are  pushed  down  to  the 
bottom  of  the  shaft,  and  are  there  separated  from  the  lower  shaft  frame  by  wedges,  as 
before  described.  Thus  the  work  goes  on  until  the  miner  arrives  near  the  level  of  the 
top  of  the  proposed  gallery,  when  the  last  shaft  frame  must  be  placed  at  the  calculated 
interval.  This  being  attended  to,  the  excavation  is  continued  down  to  the  bottom  of 
the  intended  gallery,  when  another  shaft  frame  is  placed  so  as  to  have  its  upper 
surface  on  a  level  with  the  floor  of  the  gallery.  Three  sides  only  of  this  part  of  the 
shaft  must  now  be  sheeted,  and  without  wedging  out  the  planks  which  are  to  rest 
against  the  bottom  frames  :  the  fourth  side  of  the  shaft  being  left  clear  for  the  entrance 
of  the  gallery  on  this  side,  the  outline  of  the  gallery  is  traced. 


DRIYIHO  OALLSBUS  WITH   MINI   f RAMHS. 


Gallery  frames  di£fer  from  shaft  frames  in  being  composed  of  three  pieces  only ; 
namely,  two  uprights,  called  stanchions,  and  one  top  piece,  called  the  capsiU.  The 
stanchions  are  usually  let  into  the  ground  a  few  inches,  and  the  capsiil  afterwarda 
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Uid  orer  tb«n,  Tba  ttknobioiK  hare  Bqaare  tcDona  >t  top,  floih  with  tbs  inuds  of 
web,  which  us  innrted  Into  mortiMs  cat  in  Ui«  lower  >id«  of  th«  ckpailj.  The 
(tandiioiu  kra  nnuUl;  cut  oat  of  iqukn  miitling  ;  the  toDOD  is  made  eqoal  to  odi- 
tbird  of  the  aide  each  way,  uu)  in  bright  to  oDe-fbortb.  The  loaBtliag  for  the 
atanehioDi  of  a  btasch  ma;  be  1' ;  for  a  gii\eij  t  oi  i  feet  vide,  S|'  or  6".  The 
eaplill  is  nsaally  made  of  the  came  width  aa  the  etaachioiu,  bat  lomewhat  deeper  tar 
the  laka  of  rtreogth,  the  chief  prenare  being  vertical.      Id  bnuchca  and  email 
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^erie*  tn  ezcea*  of  about  oDe-fanrth  will  be  laffident ;  in  the  wider  galleriea  the 
ezoeee  m^  amonnt  to  one-third  or  erea  one-half.  The  aide  ebeetiDg  of  gBlleriee  may 
be  of  1' or  I  i^' plank  ;  for  the  top-aheeting  it  ahonld  be  from  3' to  Zj'. 

Oreat  gBllery  framee  hare  their  Htanchiooa  of  ecantliog  5|'  oc  6"  aqoaie,  and  their 
eapdUi  8'  b;  Ef  or  8'  by  S"  :  the  tenonEatthe  head  of  each  atanchion  ehoald  be  14' 
■qnareandlt*  long.  We  ahall  now  proceed  lo  describe  the  method  of  driving  the 
pUeiy  from  the  bottom  of  a  ehafl,  and  we  ahkll  coniider  the  groaad  to  be  each  aa  to 
raader  it  neBcaary  to  eheet  the  eidea  aa  well  ae  the  top.'  The  first  thing  neceeaary 
b  (0  prepare  two  roda  aa  gaogea  for  regnU^ng  the  height  and  width  of  tJM 
ezcavation  ;  the  gaage  for  the  height  most  allow  beyond  the  exti«me  dlmen- 
aiona  for  two  thickneaaea  of  plank,  and  that  for  the  brtaulth  for  fonr  thickncaaea 
of  plank,  two  on  Mch  nde  of  the  frame ;  and  the  latter,  i,  e.  the  gange^ 
moat  be  notched  or  otherwiee  ocnapicaonaly  marked  in  the  centre-  It  waa 
Btated  before)  that  in  unking  a  ahaft  the  long  ndea  of  the  &sinea  mnat  correapond 
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TUt  bring  eomplettd,  tbe  eiMTstion  is  oontinned  to  the  diitanw  of  kboot  4  taet, 
vheD  the  podltoD  of  uiother  fnms  DiiiM  be  detcnnined.  Tbii  ii  done  b;  itntobiiig 
&  line  orer  the  two  picket^  or  fixed  poiate,  before  determined,  and  then  driring  a 
third  picket  in  the  floor,  to  nurk  the  centre  spot  of  the  new  tamt.     If  the  gkllei7  i» 
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a  horiiontkl  one,  the  top  of  thU  picket  Bhoold  b«  made  exact];  lerel  with  tiie  inoket  at 
the  eatrance  ;  if  a  descendisg  one,  the  top  of  it  dioold  b«  the  reqniaJte  nnmber 
incbea  belov  the  first  picket :  this,  being  aecaratelf  done,  will  be  a  point  to  meacnre 
ttora  for  the  height  of  the  nnder  side  of  the  capsill.    At  this  point  the  gaUery  mnst 
hare  been  gradnallj  widened  to  the  full  dimensinnB  of  the  gangei. 

The  ^me  il  set  up  in  the  manner  before  described ;  and  in  order  to  aeeoj*  its 
propel  hoiiiontal  position,  it  must  be  tused  or  lowered,  as  maf  be  reqnind,  until 
the  bottom  of  it*  npmll  is  at  the  nme  height  from  the  ground  as  the  rapaill  of  the 
Srat  (tame  :  the  common  level  rerened,  with  its  plumb-bob  shifted,  mnat  then  b« 
■  ^iplied  U>  the  under  side  of  the  eapsill.  If  the  eapeills  of  the  fint  (wo  fnmea  are 
carefully  placed  the  other  will  be  easilj  adjusted  hj  being  made  to  line  with  them. 
The  top  iheeUng  planks  *  tiaring  been  introdnced  orer  the  fint  frame,  with  their 
pdnl«d  ends  bremoat,  are  now  puhed  forwards  until  thej  rest  also  upon  the  ckpeill 

"  If  t^lbsfb  ba  oDl7  4  tttt  in  tbs  gnstetk  dlmtniiDD, uid  the ahutiBg plsakj  AfHllong,  tbey 

u»t  b*  got  Into  thdt  pg^tlOB  fnm  witUn  the  galloj. 
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of  the  wcom]  ftsme ;  wedgn  uc  tfa«ii  ialrodnced,  u  in  riakliq  •  ihiift,  mi  the  lide 
iheedng  is  pnshed  od  id  an  exactly  limUar  manner. 

HU    i:<D    TOOLa    BtqOIRKD    FOK    DBITIHQ    i    QALIKBT    ntOM    TBI    tOTTON 
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le  diipo^tion  of  the  woikmeo  is  ua  fallovs  : 

1  man  pkk». 

1    ,,    filli  the  track,  whecU,  and  BHb  backet ;  or  1  fillg. 

1    „    wheele. 

1    „    fills  tbc  bucket  >t  the  bottom  of  the  tbAfi,  or  attacbci  the  truck  t 


the 


S  OT  G  men  ore  empiofed  >t  the  top  of  the  ebafl,  u  al&ted  before. 

For  ever;  GO  feet  driven,  an  additional  mao  aod  truck  become  necessar;,  recesiaa 
being  cut  at  the  sidee  to  Feceive  the  empty  tmck  wbile  the  loaded  one  paoKa  :  one 
additional  man  will  also  be  required  at  top,  to  work  the  Tentilating  uppantiu. 
Instead  of  nsing  a  bucket  for  boisting  Dp  the  earth,  it  ie  found  to  be  a  more  eipe- 
ditioui  plan  to  attach  the  fall  track  to  (he  windlau.  Where  the  gallery  is  Dncon- 
neeted  with  a  shaft,  the  two  men  working  the  wtodlaas  might  be  etrock  off.  Id  great 
galleries  the  earth  may  be  removed  in  wbeelbarrows. 

WheneTer  there  appears  to  be  any  risk  of  the  soil  falling  in,  it  b  proper,  after 
pladng  each  saccesaiTe  fiame  and  eicavatiog  I  or  2  feet  beyond  it,  (o  remors  the 
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one,  except  tbat  tbe  frames  are  Bat  up  perpendicaUr  ta  ths  slope,  and  the  distonM 
bttvraa  sd;  two  must  be  measured  along  it.  This  being  atUndad  to,  the  same 
sheetiDg  will  answer,  whether  the  gallec;  ie  inclined  oi  horiiontal.  The  £rst  frame 
of  an  inclined  galler;  ought,  as  nearlj  as  posajhle,  lo  lie  nnder  the  teireplein  of  ths 
banquette.  It  is  to  be  olisened  that  the  pressure  of  loose  earth  acting  upon  the  roof 
of  a  galler;  will  alwajs  tend  to  OTerset  tbe  mine  frames,  uuli;ss  the  latter  are  pUoed 
in  a,  direction  pcrpendienlar  to  the  door  of  the  galler;,  or  uearlj  so. 


-> 


Id  changing  from  a  deiceniling  direclion  to  a  horiiontal  one,  it  i 
aiiange  alxi  from  oblique  frames  to  Tertical  ones,  and  it  becomes  also  necotsarj  to 
Bupfxirt  the  first  rtrticul  frame  bj  stmts  pinced  jmnillct  to  the  stanchiouB  of  the 
oblique  frames  in  rear  of  it.  Thus  the  cipsill  of  the  lirst  rcrtical  frame  is  as  it  nere 
anpport*d  by  two  pnin  of  etanohiona,  one  pair  Tcrtical  and  the  other  oblique,  in  order 
to  resist  the  diiuble  acti^m  of  the  liKise  eartb  immeditilcl;  above  it,  which  presses 
verlii^ll;  ftpon  the  top  sheeting  of  the  first  horiiontal  ba;,  but  obliquely  upon  the 
top  sheeting  of  the  last  inclined  bay  of  tbe  gallery. 


if  eiocnted  in  bad  soil,  require  some  precaatirins  to  be  taken  irhich  may  be  dispensed 
with  in  smaller  excavationB.      The  following  may  be  found  generally  essential. 

1st.  Sleepers  or  gniuiidailla  should  be  laid  lienmth  esi^h  of  the  rcguhir  gallery 
frames,  to  prevent  tlie  stanchions  from  sinking  unequally.  These  groundsills,  when 
requireil,  maj  be  cut  out  of  3-inch  pl.iuk.  In  width  and  length  they  must  be  exactly 
equal  to  tlie  capBilla  of  the  regular  frames  :  they  are  always  inserted  their  own  depth 
in  the  earth, 

Sillily.  It  was  before  exphiioed,  that  in  bod  soil  the  top  sheeting  ■honld  ba 
invariably  pushed  forward,  in  ptupoiiton  as  tbe  excavation  proceeds.  Now  whilst 
this  projection  does  not  exceed  a  foot  DT  two,  Do  inconvenienoe  arises ;  bat  when  it 
exceeds  tbe  lost-namod  dimension,  the  great  weight  of  loose  earth  acting  upon  th« 
extreme  ends  of  the  platilu  will  often  derange  them  in  such  a  manner  as  may  impede 
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the  work,  or  eren  cause  aome  Beriaui  failore.  This  difficulty  is  obviated  bj  oaiiig  a 
temponc;  &miiie,  ailed  a  Gtlse  frame,  for  sapporting  the  projeetuig  ends  of  t^e  top 
sheetiDg  entil  the  roof  of  ererj  new  ba;  of  the  excavation  is  properlj  secnred.  The 
Use  fnaav  thonld  be  of  (he  tame  height  An  the  regnlar  gallery  fiUDee,  bat  it  must  be 
ao  much  narrower  tbat  its  width  from  oat  to  oat  shall  not  exceed  the  width  in  the 
eieai  of  the  latter.  Its  capaill  moat  be  of  the  same  depth,  bat  ita  stanchioos  most  be 
made  of  ratlier  smaller  scantling  than  those  of  the  common  frame,  for  the  utke  of 
lightness.  The  method  of  ueing  a  false  frame  is  as  follows  :  as  soon  as  one  of  the 
regnlar  or  permanent  gallery  frames  is  fixed,  the  excavation  is  carried  forward  to  the 
distanoe  of  abent  1  foot,  or  even  less,  according  to  eircamatances,  and  in  no  caac 
exceeding  2  feet ;  after  which  a  false  frame  is  placed  in  the  same  manner  aa  acommon 
one.  The  top  sheetoDg  ia  then  pnshed  (bmard  niitil  it  reate  upon  the  capuU  of  the 
bite  frame  :  the  miner  then  eieavatea  a  little  further,  and  pnshes  forward  the  toji 
sheeting  aa  he  goes  on,  taking  care  tbat  it  never  ahall  project  more  than  6  inches,  or 
thereabouts,  beyond  the  false  Frame,  which  he  most  also  move  forward  aa  the  excava- 
tion proceeds.  As  soon  as  the  excavatian  has  advanced  to  such  a  distance  that 
another  regnUr  frame  is  required,  instead  of  moving  the  (alae  one  farther  on,  a 
regnlar  gallery  frame  is  placed,  and  ths  same  sheetiDg  which  rested  on  the  false 
frame  is  urged  ont  from  it  Id  the  oaaal  manner,  and  the  frame  removed,  for  the 
purpose  of  being  agun  used  in  advance.  It  ia  to  be  observed  that  the  hlae  frame, 
when  first  placed,  must  atand  about  2  inchea  higher  than  the  proper  poeition  of  one 
of  the  regular  frames,  in  order  that  the  sheetiag,  in  being  pushed  or  driven  towards 
the  head  of  ths  mines  '"^J  acquire  the  proper  aplay  upwards  without  wedges,  which 
It  is  impoarible  to  use  with  a  false  frame  dtu-ing  this  operation  ;  and  for  this  parpoae 
the  ataachions  of  the  false  frame  muat  he  2  inches  longer  than  thoae  of  the  regular  ones. 


Ia  a  system  of  military  mines  the  hranehes  are  merely  smaller  galleriea  than  usual, 
branching  ont  from  the  common  galleries  :  hence  their  name.  As  the  constrDction  of 
both  is  *o  mnch  alike,  it  is  only  neoessary  to  notice  the  cireamatancea  under  which  a 
branch  proceeding  from  a  gallery  may  be  commenced. 

lit.  A  branch  may  be  excavated  in  the  same  direetjon  and  in  continnation  of  the 
gallery  itself.     In  this  case  the  first  branch  frame 
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If,  OS  tha  ooDtnuT,  tha  grtrand  Mimot  be  tnurtod,  tha  fint  bmuh  1 
pUccd  ao  as  to  line  with  the  aide  of  tbe  gKllerj  ilaelf  («e*  S^  lO;,  uid 
longer  ca[>iill  Uuui  Oit  ordinu;  onea  will  be  raqoirad. 

Pig.  10.  Pig.  11. 


Earing  deaeribed  the  method  of  mining  with  tnmm  uid  aheeting,  it 
point  ont  the  difference  irhen  mine 
lutTe  long  been  known  onder  the  n<me  of  Datch  euaa  :  they  waie  introduced  into  onr 
Serrice  b;  M«jor-Qeneral  Sir  G.  Pule;,  when  Director  of  the  Field  Inatroetioa 
Batabliehmect  :  they  coniiM  of  foni  piecea,—  two  atanchiona,  a  eaiaiU,  kod  gnjandmll. 
Par   ordioaiy  work  tbej  are   made   out  of 

2-inch  deal,  and  hsTe  a  j-ineh  round  iron  bolt  pj.  ]j_ 

driren  ttanarersel;  through  the  middle  thick- 

■Kea  of  ths  wood   of  each  piece,  about  4}  r"|i  JT] 

incbei  from  each  end,  to  prerent  them  from  p  p  {j  ^ 

aplitting.    The  atanchiooi  have  lenona  2'  _ 

long  b;  3'  wide  at  each  end,  and  mortiaea  of        ,_^l_, 
eoireaponding  dimenaiona  are  ont  in  tKe  end*        |^::v^l 
of  tbe  capeill  and  gronndaill  to  receive  the        )      ( 
tenons :  the  meat  conTeuient  width  for  the 
piece  would  be  12  inchea,  but  tlua  is  not  a 
matter  of   conaequence  (aa   12-iaeh  ia  not 
eaailj  procured),  and  thej  maj  be  made  of 
whatcTer  ejied  planks.  Dot  leu  than  2  Inchea 
thick,  can   moat  readily  be  procured.     In 
great  galletiea,  which  require  etronger  ma- 
teriala,    tbe   atonchiona    maj  be   i  inchea 
thick,  tha  groundaiU  3  inchea,  and  the  cap- 
nil  G  inchea  :   notchei^  aa  ahown  in  flgun^  are  out  in  the  itanehiona,  for  the  purpoae 
of  rendering  them  more  manageable,  both  in  patting  them  up  and  taking  them  down ; 
thej  alao  aerre  for  placea  in  whidi  to  drire  pidiet*  to  ani^iort  the  eaae  in  a  deaoending 
gallery.      The  sin  of  caaea,  in  tiie  dear,  both  for  ahafta  and  galleriea,  !■  the 


R 


that  of  (nunee,  and  the  aame  preoutiona  and  arrangemeuts  in  tl 


I  adjnatmenta  ai 
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Xa  mnkiBg  ilufta,  Then  tiu  am-ntiaa  hw  adnoMd  about  1  foot  in  depth,  it 
become*  oeecnuj  to  fix  the  fint  ease,  which  ii  dtms  in  the  fbllowing  suimer.  Ous 
of  the  >hait  pieoee  ii  Gnt  pUced  in  it<  [Roper  pontion  Id  the  eicaratiaD  ;  the  tenona 
of  the  tiro  loDg  {uece*  ue  then  fitted  into  the  mortiiee  of  thin,  and  then  tiis  mortise 
at  one  end  of  the  fourth  side  ia  fitted  on  its  tenon  ;  bat  to  adjort  the  conespoadiDg 
mortLse  and  tenon,  it  will  be  neoee&uj  to  posh  b»ck  either  thia  ahort  piece  or  the 
long  one  foil  2  ioehe^  in  order  to  bring  the  mortiae  and  tenoo  together ;  and  whieh- 
erer  plan  ix  adopted,  aa  little  earth  as  poiaibk  ihoold  be  cat  awaj,  the  fii*t  case 
bong  placed,  the  exeaTation  ia  proceeded  with,  and  the  seoond  case  is  placed  eloM 
under  the  fin^  and  in  a  eimUar  manner,  ud  so  on  to  the  bottom  of  the  shaft.  Thii 
is  the  mode  of  ptoceediog  when  the  soil  is  so  bad  as  to  require  dose  casing ;  andw 
ordinar;  circamitaooe*,  howeTcr,  it  will  be  infficient  to  iatrodnce  a  cue  at  ereiy 
8  or  4  feet ;  and  when  this  is  done,  it  is  osnal  to  cat  oat  the  earth  to  the  thickness  of 
lbs  plank,  so  M  to  sdmit  of  the  case  being  placed  flnsh  with  the  ndes  of  tho 


When  it  is  blended  to  posh  agallei?  from  the  bottom  of  a  doec-essed  shaft,  it  is 
■Tident,  before  proceeding,  it  wilt  be  neeeesarj  to  remoTO  one  mde  of  the  ouing  ; 
kod  to  do  this  without  cansiDg  the  adjacent  side  to  ooUapee,  and  the  oamng  to  tamble 
in,  a  frame  somewliat  nmilar  to  a  door  &amemaBt  be  inttodaeed  :  its  gronndsill  being 

Fig.  13. . 
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bMk  to  olaai'  it  of  its  tanon,  it  will  b«  Deo«au7,  in  the  Int  inataiiM^  to  exMnto  th* 
graond  oDderiiMth  it,  in  order  to  admit  of  the  iDtrodoetioD  of  the  pisk  sod  pnih-pck, 
bat  tlie  TemoTol  af  each  socceiuTo  ude  will  b«  eauer.  In  drinng  the  galleij,  the 
mode  of  aeing  the  cases  ii  aa  nearly  aa  powible  eimiUr  to  that  deacribed  for  ahafti, 
making  allowance  fnr  the  differeaee  of  direction  :  the  groDadsill  is  Gnt  placed,  next 
the  (tancbioni,  and  to  fix  the  capaill  the  aame  mode  of  proceeding  ia  to  be  adopted  aa 
hM  alrsadf  been  described  for  filing  the  fonrth  aide  of  the  afaoft  caae  :  the  iqiaee  whioh 
ia  neceaaarilj  left  between  the  earth  and  the  top  of  the  oapaill  ahonld  be  filled  in  before 
prooeeding  to  place  the  next  eaas.  Close  caidng  will  uldom  be  required  in  a  gaJlery, 
bat  the  roofing  gbonld  in  moat  CHee  be  rapported  :  tbU  can  eaail?  be  eSeded  bj  uing 
piecei  of  the  caaei  aa  top  aheeting,  extending  from  the  top  aide*  of  the  caeca  wliich  it 
ma;  be  (oond  necesaaiy  to  nae. 

Pig.  u. 


Great  galjer;  casea  (fig.  16)  are  eomewbat  different  from  other  caaea.  In  order  to 
give  greater  atrengtb,  the  etandiiana  are  mads  without  tenons  at  tbeir  lower  end^ 
which  are  kept  in  their  places  by  cleati  2  inchea  thick,  nailed  on  to  the  ailla ;  the 
mortiaea  in  the  capailla  need  not  be  more  than  2  inches  deep.  In  driring  great 
galleries  in  loose  soil,  after  setting  np  the  first  irame  it  becomeB  necenary  to  mppoit 
the  topdll  whilst  the  miner  «xca*ates  the  ground  £ir  the  groundsill  and  stanchions. 
For  this  parpoee  two  upright  pieces  of  timber,  carrying  each  a  erosa-ideoe,  as 
repre«en(ed  in  the  annexed  figure,  are  made  nae  o£  The  npright  part  rests  en  the 
bU  of  the  frame  already  placed,  and  ia  steadied  by  being  wedged  np.  The  crosa-pieoe 
ia  2  feet  long,  and  the  part  that  projeota  in  adnnce,  aa  will  be  seen  bom  the  figure, 
is  made  an  ineh  higher  than  the  rear  part,  to  snpport  the  topall  somewhat  higher  tlian 

B  B  2 
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is  fiiMl  larel.  Tli«  rear  put  of  tiie  eron-tnece  is  bnrad  b;  a  piece  of  iron  to  the 
.pri|ht.  Tbcae  are  called  eratches,  and  the  nuteruU  of  which  thej  an  made  shauld 
e  u  light  ai  a  dne  Mgard  to  (treugth  will  admit. 


!  I 


In  working  with  eases,  the  direction  of  a  galleiy  maj  be  euil;  and  graduaUf 
f.>ifiig»J,  as  ibown  in  plan  in  figure  16. 
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ia  to  prooeed  need  be  remoTed,  uid  the  iDtorreaiDg  iqailli  <an  be  mnioiied  ■■  in 
fig.  IS.     Bat  this  meUiod  bu  the  iscoDTG-  „.     ^  ^ 

Dienee  of  loweriiig  the  he*d«*j, — &  Mrioiu 

ObJMtJoD. 

When  a  gkUerr  bruiches  bom  BuoUier  in 

ui  oblique  direetion,  it  will  be  better  to 
obtun  the  obliqnitj  gTaduftllj,  tbui  b;  in- 
trodociiig  ftn  oblique  •Mt«,  like  the  frame 
induxted  ia  Gg.  13. 

When  cuei  are  used,  the  vork  will  advance  at  near! j  donble  the  rate  it  wonld  with 
framei  and  iheetiug  :  rii.  great  galleriea  and  ehafla  about  1  foot  an  honr ;  oommon 
gallenei^  1}  foot  an  honr. 


^ 

, 

,-_«v— , 

1 

PART   I 


—CHARGES    OP    I1INE3.* 


When  charges  of  gunpowder  an  fired  under  the  enrftee  of  the  gronnd,  the  eSecta 
aoeed  by  their  eiplonon  are  neceaurilj  dependent  on  the  qnantit;  of  powder  nnd, 
on  the  depth  at  which  the;  are  placed,  and  on  the  qualities  of  the  aoil  in  which  the 
eiplonom  take  place. 

When,  bj  the  eiploaioD  of  ■  charge  of  powder,  a  drcniar  eicaTation  is  finmed  on 
the  inrfiKe  of  the  gronnd,  the  ladini  ie  called  the  radioa  of  the  oratar.  The  line 
drawn  from  the  charge  perpendienlar  to  the  miface  ia  called  the  line  of  leait  resii- 
lance.  The  line  dr&wn  from  the  charge  to  the  edge  of  the  enter  ia  called  the  radius 
of  eiplosion.  A  crater  of  which  the  diameter  ia  equal  to  the  line  of  least  reeistanoe 
is  called  a  onC'lined  crater  ;  when  Ou  diameter  is  donble  the  line  of  least  remilADce, 
it  ia  called  a  two-lined  enter  ;  when  triple  the  line  of  least  renstauce,  a  three-lined 
crater,  and  so  on,  tlie  character  of  the  crater  being  alvays  expressed  b;  tiie  number 
of  times  the  line  of  least  resistance  ia  contslDcd  in  the  diameter  of  ttie  enter. 

Frerionstj  to  Uie  eiperimeDts  of  Balidor  on  the  effects  of  charges  of  mines,  it  was 
genemlJj  aagnmed  that  no  enter  conld  be  formed  the  diameter  of  which  eieecded 
twice  the  line  of  least  resistance.  It  was  evident  that  charges  might  be  so  small  as 
to  produce  little  or  no  effect  on  the  snriace ;  on  the  other  hand,  if  thej  were  lai^ 
the  great  effect  of  the  eiplosion  would  reach  the  surface  of  the  gronnd,  throw  up  a 
certain  qnautitj  of  earth,  and  leave  a  hollow  in  the  form  of  a  cone ;  it  was,  alao, 
asserted  that  there  was  a  certain  charge  which  woald  prodace  an  excaration,  the 
diameter  of  which  would  be  double  the  line  of  least  reriatonoe  ;  if  that  charge  were 
decreased,  a  less  qnantity  of  earth  wonld  be  rused  ;  and,  if  inereosed,  then  the  earth 
would  be  projected  higher,  but  the  diameter  of  the  crater  wonld  hi 


CSAEOES    ?0B    TWO-LIHin    CIUTIRS,     OK    COMHOIT    HIHIS. 

The  data  required  for  the  determination  of  these  chargea  oonust  in  the  form  of  the 
crater  produced  b;  the  explosion,  and  on  the  qnantitj  of  powder  necessaiy  to  raiae  a 
given  quantity  of  earth  and  to  overcome  its  tenacity. 

Form  of  Craler. — Various  figures  have  been  assigned  to  the  solids  rused  by  the 
explosion  of  a  common  mine.  Tauban  coasidered  it  as  a  cone  the  vertex  of  which 
viB  placed  in  the  centre  of  the  charge,  and  found  its  volume  I'OJS  P. 

Meagriguj  adopted  the  truncated  cone.  Le  Febvre  admitted  the  cone  of  Tauban, 
but  added  ^  to  its  volume,  which  became,  therefore,  1  20  P. 
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Tallinn  oanaidRnd  it  u  ■  panbolnd,  hsTiiig  for  iU  beat  tin  esntn  of  Um  durgt. 
Mid  eomputed  ila  Tolnma  I'BO  P. 

UOIIar  tnuunted  tlie  panbaloid  of  Talliirs  bj  a  pUn«  pMiing  tbrongb  it*  fieiii^ 
perpendimUr  to  the  Mat  of  leaat  rasiitauee,  and  found  its  rolome  l'S4  P. 

The  form,  howeier,  now  generally  received  by  mine™  ii  thftt  of  ■  tnuufttcd  CDiie 
of  vhich  the  height  of  the  &xi>  uid  the  radioi  of  the  upper  or  Urger  <drcle  ue  tatL 
equi  to  the  line  of  leut  miilwicc,  ud  the  ndioi  of  the  hiw«r  or  mailer  drde 
equkl  to  half  that  line  :  its  Tolnmo  then  will  be  Teprtaented  by  y  P. 

But  vhiebenr  of  tbeae  fonns  be  taken  aa  reprewDting  the  solid  In  qneatioii,  it  will 
be  Men  that  the  formula  Tspnaentiiig  their  Tolnmea  do  Dot  differ  nry  matenaUy. 

The  cone  of  Taaban  giree  too  imall  ■  djblai.  The  panboloid  of  Talliire  azoMda 
in  Tolanie  tiiat  of  the  tmncatad  cone  by  jg  of  the  balk  of  the  latter  ;  vhile,  if  the 
fignrg  of  Mliller  be  token,  the  excese  a  only  ^  that  of  the  cone,  a  qnantity  quite 
naimpartant  The  reault,  tben,  arising  Iroia  thii  airailarity  in  the  formula,  ia,  that 
the  rale  for  aaeertaiDing  this  part  of  the  ealeulatioti  remains  nearly  equal 

The  next  step  in  the  compatatiou  is  to  detennine  the  quantity  of  powder  neuMary 
to  raise  a  given  volume  of  the  earth,  aa  for  example,  a  cubic  yard.  This  qnantity 
will  vary  according  to  the  weight  and  tenacity  of  the  soil ;  but  when  ascertained  by 
experiment,  the  rule  for  determining  the  charge  is  obvious,  vii.  to  take  ^  irf  the 
enbe  of  the  line  of  leaat  resistance  foi  the  volome  ;  then  mnltiply  the  teaolt  so 
obtained  (reduced  to  cubic  yards)  by  the  qaaotity  of  powder  required  to  ntise  one 
eubie  yard.  This  latter  quantity  bdog,  under  diSeient  circnmslanoes  of  soil,  variabli^ 
the  result*  are  also  variabla.  Bat  in  gronnd  of  ordinary  weight  and  tenacity,  it  has 
been  found,  that  by  taking  -jg  of  the  cnbe  of  the  line  of  least  resistance  in  leet,  the 
proper  charge  of  powder  for  common  mines  is  given  in  lbs. 


OBIIUU    rOB  SUBOHIBOID    HIMIS,    OR    QLOSK 

The  celebrated  French  En^eer,  Belidor,  was  the  first  who  employed  larger  chaises 
t^an  Uiose  of  common  mines,  for  the  pnrpoae  of  destroying  the  galleriea  of  the 
beaieget  at  distances  much  greater  than  had  previonely  been  supposed  pixsible,  and 
tboe  be  called  'tilobes  of  Compression.'  Being  a  ProfoHor  in  the  School  of  Artillery 
at  La  fin,  he  had  opportnuitiea  of  making  experiments  in  mining  operations,  many 


MINING^  MILITARY. 


881 


Gumpertz  and  Lebmn  accords  Tery  nearly  with  that  of  Maresooi  Theie  authors 
maiDtain,  that  because  a  certain  charge  of  powder,  3600  lbs.,  with  a  line  of  least 
resistance  of  12  feet,  prodaced  a  G-lined  crater,  and  because  this  same  chai^  placed 
at  the  depth  of  33  feet,  will  only  produce  a  2-lined  crater,  the  same  relation  will  hold 
good  in  all  other  mines  :  therefore,  to  find  the  charge  of  a  6-lined  crater,  under  any 
assumed  line  of  least  resistance  a,  the  proportion  would  bel2:a::83:x;je  repre- 
senting the  line  of  least  resistance  of  a  common  mine,  the  charge  of  which  will 
produce  a  6-lined  crater  with  a  line  of  least  resistance  a. 

It  is  stated,  also,  that  the  lines  of  least  resistance  of  other  surcharged  mines  are 
determined  Arom  the  aboTe  proportion. 

The  rules  of  Major-Gen.  Fasley,  as  giren  in  the  following  Table,  are  very  yaluable, 
haying  been  deduced  from  experiments  carefully  made  : 


OHAROES,    AND   EFFECTS   PRODUOEI)   IN   MIXED  EARTH. 
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are  nearly  certain;  in  surcharged 

,      •  •          mines,  they  are  not  so  certain :  it 

is,  therefore,  better  to  use  a  nnm- 

a 

5 -lined 

1^  L.L.R. 

2  L.L.E. 

ISO 

ber  of  small  charges  to  produce 

a  certain  effect  than  to  umc  one 

i 

6-lined 

14L.L.E. 

2  L.L.E. 

270 

large  one ;  the  latt^^r  being  yery 
wasteful  of  guopoVder. 

84 

7 -lined 

•    • 

>  • 

.  .        Inearth,  try  to  produce  8- lined  cra- 
ters at  2-1  ne  inteiTa^s,  nnd  nerer 

." 

91 

74-Uned 

1{L.L.R. 

21  L.L.R. 

QQQ        with  a  L.L.R.  less  than  6  feet. 

The  rule  given  in  Captain  Macaulay*B  '  Treatise  on  Field  Fortification  *  is  the  same 
in  principle  as  that  of  Qumperts  and  Lebrun,  but  it  is  based  on  a  different  experi- 
ment. It  is  considered  that  it  may  be  safely  adopted  in  computing  the  charges  for 
surcharged  mines. 

The  example  on  which  he  grounds  his  rule  is  as  follows. 

One  of  the  globes  of  compression  at  the  siege  of  Qchweidnitz  was  charged  with 
5404  lbs.  of  powder,  which,  being  placed  under  a  line  of  least  resistance  of  16  feet, 
produced  a  crater  of  414  feet  radius. 

Let  it  be  assumed  that  the  above  globe  of  compression  was  exploded  in  common 
earth ;  and  let  it  also  be  ascertained  under  what  line  of  least  resistance  the  same 
charge  of  5404  lbs.  must  be  placed  so  as  to  produce  the  effect  of  a  common  mine,  viz. 
a  crater  with  a  radius  equal  to  the  length  of  the  line  of  least  resistance.  Now  as  the 
charges  of  common  mines  are  in  the  ratio  of  the  cubes  of  their  lines  of  least  resistance, 
the  following  proportion  will  be  obtained,  vis. 

lbs.  lbs. 

100  :  10>  : :  5404  :  54040  ; 
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\g  the  root,  8781  or  S7  feet  10  lnohes  ia  fooDd  M  be  the  line  of  \eut 

It  win  be  obaerTsd  that^  in  (he  pieieiit  exunpte,  the  chargei  hare  been  tkken  h 
if  L.L.B',  ud  not  M  J  L.L.fi> ;  the  Utter  oo-cffident  is  lued  in  the  oampQUtioa  in 

Id  the  umeied  (li&gi«ma  I>  E  P,  Gg.  1,  repreaenta  the  efieot  of  the  globe  of  oom- 
imrirm  alreadf  alluded  to  u  exploded  at  Schireidniti,  and  G  E  H  that  of  a  eommoii 

P«.  1. 


mine  nndar  the  nme  line  of  luet  reaiBtanc«,  the  differenoe,  D  Q,  of  the  radii  of  the 
crater  being  diiided  into'  three  eqnal  parte  j  and  gth,  in£g.  2,  ako  repraeele  the 
crater  of  a  eammoD  mine  nndera  aimilar  line  of  least  reuitanoe,  Tit.  16  feet ;  and  d  ^/, 
fig.  2,  the  effect  of  a  oammoo  mine  onder  a  line  of  lewt  remltanoe  eermponding  to 
Uw  obaife  of  G404  tb*.  ;  the  differenM,  g  d,  fig.  2,  between  the  radii  of  the  two 
oraten  bung,  in  like  manner,  divided  into  three  eqnal  parts. 


Pig.  2. 
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tanee  (87  feet  10  inches)  of  the  common  mine  reqairing  the  same  charge ;  divide  the 

latter  difference  by  the  former,  ris. 

21  feet  10  inches    21*83 

= —  -86  • 

26  feet  6  inches       26-6  ' 

then  it  becomes  clear  from  the  diagrams,  that  if  the  difference  of  the  given  line  of 
least  resistance,  and  the  radios  of  the  crater  of  the  surcharged  mine,  be  multiplied 
by  the  result  of  the  foregoing  division,  and  that  product  added  to  the  line  of  least 
resistance,  the  sum  gives  the  required  line  of  least  resistance  by  which  to  compute 
the  charge. 

The  general  rule,  therefore,  is  to  subtract  the  given  line  of  least  resistance  from 
the  radius  of  the  crater  to  be  produced ;  multiply  that  difference  by  *85  ;  add  the 
product  to  the  given  line  of  least  resistance,  and  the  result  gives  the  line  of  least  resis- 
tance of  a  common  mine  requiring  the  same  charge  as  the  globe  of  compreesbn. 

TAMPUTQ  UVnS. 

The  tamping  of  mines  consists  in  filling  up  the  gallery  with  solid  material  for  a 
certain  distance  from  the  chamber,  with  a  view  of  preventing  the  force  of  the 
explosion  from  expending  itself  in  the  gallery,  rather  than  in  the  direction  in  which 
the  mine  is  required  to  act. 

The  tamping  should  extend  from  the  charge  for  a  distance  equal  at  least  to  1} 
times  the  line  of  least  resistance;  and  if  the  material  used  for  forming  the  tamping  be 
not  heavy,  or  otherwise  but  loosely  packed,  this  distance  should  be  double  of  that  line. 

The  materials  usually  employed  in  tamping  consist  of  earth  which  has  been  exca- 
vated in  the  formation  of  the  gallery, — if  free  from  stones, — or  of  sods,  sand-bags,  or 
any  heavy  substance  which  may  be  at  hand.  If  the  soil  be  argillaceous,  it  may  be 
roughly  moulded  into  bricks,*  which  form  an  excellent  material,  and  one  with  which 
the  operation  proceeds  quickly.  The  most  expeditious  mode  of  tamping  is,  however, 
generally  considered  to  be  with  sand-bags. 

Split  or  cleft  timber,  in  lengths  of  4  or  5  feet,  and  of  about  9  inches  girt)  jammed 
together  in  the  gallery,  is  also  very  applicable,  and  when  mixed  with  common  earth 
at  intervals  of  10  or  12  feet,  forms  a  good  tamping.  Indeed,  in  the  demolition  of 
revetments,  by  an  arrangement  of  mines  in  an  escarp  gallery,  it  would  be  found 
sufficient  if  both  extremities  of  the  gallery  were  tamped  with  deft  timber. 

In  tamping  wholly  with  common  earth  it  is  desirable  to  strengthen  the  mass  by 
pieces  of  scantling  crossing  each  other,  and  placed  diagonally  in  the  gallery.  These 
pieces  of  scantling  must  be  secured  in  their  position  by  letting  their  ends  into  the 
sides  of  the  gallery,  or  simply  by  jamming  them. 

In  a  permanent  system  of  countermines  it  is  usual  to  leave  grooves  in  the  walls  of 
the  galleries,  for  the  purpose  of  receiving  the  ends  of  the  scantling  above  alladed  to. 

In  a  common  gallery  (44  by  8  feet),  the  tamping,  when  executed  with  common 
earth  and  well  rammed,  will  not  be  completed  at  a  greater  rate  than  from  2  to  8  feet 
per  hour. 

In  proportion  as  the  charge  is  increased,  the  value  of  the  tamping  diminishes. 
Experiments  were  made  by  Mouz6  for  the  purpose  of  determining  in  what  ratio  the 
charge  must  be  increased  to  produce  the  same  effect  with  a  diminished  tamping ;  and 
he  concluded  that  when  the  tamping  is  diminished  by  ^  the  charge  should  be 


*  In  tome  mininf^  operatioDi  carried  on  at  Coblents,  by  the  Prnasian  Engineers,  thia  mode  of 
tamping  waa  utually  employed.  In  the  mining  operations  executed  at  Chatham,  in  Augut,  1848, 
the  tamping  teemi  to  have  been  composed  of  walls  formed  of  such  bricks,  and  S  or  4  feet  thick,  the 
intervals  being  filled  with  common  earth. — J.  W. 
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iiurMMd  i  I  when  th«  '""jij-g  U  diminubed  b;  |,  the  clut^  ihonld  be  ioereaaed 

by  i  ;  and  when  tbe  mine  u  not  bunped,  tbe  charge  ehoold  be  donbled. 

It  is  often  desirable  to  know  tbe  Tolame  of  a  oabiotl  or  other  riuped  box  which 
■ball  be  capable  of  containing  a  (tiren  qnantit;  of  powder. 

In  orJer  to  thii  solution,  it  U  onlj  neceHBarr  to  bear  in  mind  tJiat  a  ponnd  of 
powder  occnpien  a  Bpaoe  of  30  cnbio  inches,  a  dimeiuioD  iTrooi  which  the  reqaired  mu 
of  the  box  to  contain  a  giieo  qnantitj  of  powder  can  at  once  be  determined. 


Hboi  ma;  be  fired,  or,  h  it  is  tecbnicallj  termed,  sprang,  hj  a  powder-heM^  hj 
Bickfoid'i  fuze,  bj  the  ralt^e  batterf,  or  b;  the  magnetic  ooil.* 

The  powder-hose  consUta  of  a  tube  of  strong  linen,  reaching  from  the  chamber  lo 
t]  e  outiide  of  the  tamping.  To  protect  the  bose,  it  n  enclosed  in  a  hollow  wooden 
case  represented  in  profile  as  fullowa  :  ,,   tbe  exterior  dlmenBioni  of  the  cms 

being  3  inches,  and  the  interior  1 1  inch.  B^^^  The  case  isbetened  tothemde  of  the 
■haCt  or  gallerj  bj  wooden  pegs ;  and  ^s-kjM  >n  galleries  and  branches,  after  it 
has  been  seeored,  It  is  oenallr  coTered  ivimmnM  ,jj^  earth,  to  preTent  scoidenbi 
dnring  tbe  operation  of  tamping.  The  mine  is  fired  bj  a  piece  of  portfire  insertad 
into  the  end  of  the  powder-hose,  of  each  length  as  will  give  time  lo  the  man  who  fires 
it  to  escape  before  the  explorion  tokeg  place.  The  port  fire  is  then  covered  all  ronnd 
with  moist  dsj,  well  kneaded  with  the  hands  ;  and  earth  is  applied  ronnd  all,  lo  as 
to  render  it  impossible  for  an;  fire  to  eommnuieate  with  the  powder-hose  till  tbe  pwt- 
fire  ahatl  have  bnmt  out. 
'When  it  is  desired  that  sereral  mines  should  explode  nmnltnneonsly,  being  fired 
from  one  pointy  it  is  ne- 

■  ■  •  a         P  cessai7  that  equal  lengths 

' 1-       ■'  '  I '         ( I       of  powder-bose  shoold  oi- 

I  I  tend   from   the   focus   or 

Qi  point  of  ignition  to  sll  the 

Meda  sT  unnglni  the  baat  foriimullaneeni  combiutieB .  mines. 


the  hose  of  the  mines  nearest 
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PART   lY. — SYSTEM   OF   COUNTER   OR   DEFENSIVE   MINES* 

In  the  language  of  Fortification,  the  term  Mine  applies  to  ereiy  sabterranean 
defence ;  t  and  in  a  system  of  cowUermines  are  included  the  galleries,  branchea,  and 
chambers,  placed  noder  the  glacis,  or  other  parts  of  a  fortification,  with  the  view  of 
augmenting  its  strength. 

Previously  to  describing  a  system  of  Counter  or  Defensive  Mines,  the  effect  of  an 
explosion  of  gunpowder  under-ground  should  be  explained,  as  the  results  therefrom 
form  the  data  on  which  such  systems  are  principally  founded. 

If  a  charge  of  powder.  A,  fig.  1,  be  placed  at  a  certain  distance,  B  A,  below  the 
sur&ce  of  the  ground  in  a  homogeneous  soil,  and  feebly  ohaiged,  its  effect^  when 

Fig.  1. 


exploded,  will  be  to  produce  a  spherical  compression,  M,  N,  0,  of  the  earth,  whose 
radius  is  smaller  in  proportion  as  the  charge  is  reduced,  t  This  sphere  of  rupture, 
M,  N,  0,  is,  in  the  language  of  miners,  termed  a  'eamouflet.' 

If  the  charge  be  augmented,  a  crater  will  be  produced ;  and,  under  this  supposition, 
the  elastic  fluid,  generated  by  the  explosion,  finding  a  less  resistance  to  its  expansion 
in  a  vertical  direction  than  in  a  subvertical,  or  downward  and  lateral,  the  solid  of 
rupture,  or,  in  other  words,  the  space  within  which  the  soil  is  pulverized  and  the 
galleries  destroyed,  ia  no  longer  a  spheroid,  but  an  ellipsoid,  or  at  least  some 
analogous  solid. 

As  has  been  already  stated  in  the  article  '  Charges  of  Mines,'  the  mine  is  ealled  an 
ordinary  or  common  mine  when  the  radius  6  C  of  the  crater  is  equal  to  the  line  of 
least  resistance  B  A  :  it  is  said  to  be  surcharged  when  the  radius  B  D  of  the  crater 
is  greater  than  the  line  of  least  resistance.  It  is  not  practicable  to  form  a  crater 
whose  radius  exceeds  three  times  the  line  of  least  resistance,  but  the  power  of 
producing  an  interior  or  rupturing  effect  appears  without  limit. 

In  the  ellipsoid  of  rupture  produced  by  the  explosion  of  a  common  mine,  unity 
representing  the  line  of  least  resistance  B  A,  then  the  terms  for  the  semi-axes  are, 
A  a  =  17,  and  A  6=  1-8. 

For  a  mine  with  a  maximum  charge,  or  one  where  the  radius  B  D  of  the  crater  is 


*  By  the  late  L<eut.-Col.  J.  Williami,  R.B. 

t  '*  On  apprlle  mines  en  gtfn^ral,  tout  chemin  pratiqo^  loiu  terra."— Bootmard,  tome  ii.  p.  88. 

X  See  '  De  la  Fortification  Pemanente/  by  Dafour,  page  ISl. 
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threa  limei  B  A,  it  is  fonnd  tUt  A  a'=  4-3S,  taii  A  1/ ~  l-iO ;  tbat  ii  to  mj,  Uie 
aaDi-majoi  uu  of  the  eI1ip6oiil  of  mpture  ii  about  fbar  tirnM  tbe  line  of  least 
nmataDe^  vhita  tbs  eemi-miuor  axis  ia  repreKDtcd  bj  14  times  that  lioe. 

It  thus  appoare,  that  bj  increaiiiDg  the  eliarge,  tfas  effects  bd<ne  the  mine  are  bat 
dightlj  augmented  ;  but  Utleralty  ibej  range  mmsiderablj  foiiber. 

Let  now  M,  N,  fig.  2,  represent  the  water  level,  and  B,  B*  two  mines  placed  as  low 
sa  pncticsble  u  regards  the  water  lerel,  which  mines  are  (apposed  to  be  30  feet 

Fig.  2. 


below  the  surface  of  the  ground ;  let  0,  C,  0",  C"  be  the  position  of  defensiTe 
mines  placed  at  half  the  depth  of  the  first  mines  B,  B',  and,  like  them,  sep«ntt«d 
from  each  other  b;  interrals  equal  to  twice  the  lioe  of  Uieir  least  resiatsnoe. 

The  besieger,  in  driving  bis  gaUec?  as  low  as  possible,  would  place  his  mines  as 
Dear  as  he  deemed  {n-udent  to  the  defensive  mines  B  and  0,  and  toad  them  as  Globea 
of  Compresion,  or  Surcbalged  Mines.     The  solids  of  rapture  of  tlie  defensive  minas 
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charged}  the  two  lower  onee,  B,  B',  containing  each  2700  lbs.*  of  powder,  will  ooca- 
sion  a  Iobs  of  5400  lbs.  to  the  besieged  ;  while  the  four  higher  mines,  C,  0\  0",  C''% 
containing  only  337  lbs.,  would  entail  only  a  loss  of  1001  lbs.  If  also  the  extra 
tamping  be  taken  into  account,  as  well  as  the  framing  for  the  galleries,  which  is 
necessarily  more  considerable  m  two  large  than  in  three  small  ones,  it  will  be  found  that 
the  same  explosion  of  the  besieger  will  cause  to  the  besieged,  when  his  mines  are 
established  deep,  a  loss  at  least  fivefold  greater  than  what  he  would  have  suffered  if 
his  chambers  had  been  placed  at  one-half  of  the  same  depth.  Thus,  therefore,  under 
the  inevitable  losses  which  the  besieged  must  necessarily  experience,  the  defensivd 
disposition,  C,  C,  C,  C*",  appears  to  have  obyious  advantages  over  that  offered 
by  B,  B'. 

6n  the  other  hand,  the  mine  0,  from  its  downward  or  subvertical  action,  will 
prevent  the  besieger  from  passing  below  it,  and  equally  prevent  him  from  advancing 
beyond  the  line  6  6'  as  the  mine  B  does  :  both  mines  B  and  0  would  reach  the  enemy, 
if  he  passed  the  line  6  &',  with  this  difference,  however,  that  the  mine  C  would 
employ — so  to  say — all  its  force  advantageously  at  an  expense  of  337  lbs.  of  powder 
to  the  besieged ;  while  the  other  mine  (B),  expending  a  part  of  its  effort  in  destroying 
the  tenacity  of  the  ground  below,  would  cause  an  expenditure  of  eight  times  as  much 
powder  as  mine  C.  It  is  from  not  having  considered  the  effects  of  mines  in  a  sttb- 
verticdU  or  downward  direction,  that  authors  on  this  subject  have  fallen  into  the 
error  now  controverted,  viz.  **That  the  Besieged  ought  always  to  occupy  the  lowest 
position  for  his  mines."  The  superior  disposition  will  require,  it  is  admitted, 
galleries  pushed  more  in  advance,  and  will  cost  consequently  more,  all  other  conditions 
remaining  the  same ;  but  can  an  expense  incurred  at  the  time  of  the  construction 
of  the  defensive  mines  be  compared  with  that  which  results  from  a  considerable 
consumption  of  powder  at  a  period  of  the  siege  when  it  is  generally  found  to  be 
deficient,  and  when  no  means  can  be  resorted  to  for  renewing  the  supply?  and, 
besides,  this  prolongation  of  the  galleries  is  not  lost  to  the  besieged,  since  the  enemy, 
who  generally  is  aware  of  the  depth  at  which  the  mines  are  situated,  would  establish 
his  third  parallel  at  a  distance  from  the  rest  of  the  glacis  proportionably  greater. 

If  to  these  advantages,  which  a  system  of  mines  situated  at  a  moderate  depth 
possesses,  are  added  those  of  a  readier  mode  of  tamping,  of  greater  salubrity,  by  getting 
rid  of  the  water,  and  of  economy  in  their  first  construction, — an  economy  due  to  the 
galleries  being  nearer  the  surface,  which  allows  them  to  be  constructed  in  cuttings, 
instead  of  by  the  laborious  process  of  tunnelling, — it  will,  it  is  conceived,  be  conceded 
that  no  doubt  can  exist  of  the  advantages  of  the  two  systems,  C,  C,  0",  0"',  and 
B,  B'  (fig.  2).  The  upper  system  will  therefore  be  selected  as  situated  at  the  most 
appropriate  depth  for  the  subterranean  defence  ;  and  the  principle  will  be  assumed, 
that  the  chambers  of  defensive  mines  should  be  in  the  same  plane,  at  a  depth  of  from 
12  to  18  feet  below  the  surfiice.  The  jHisition  of  the  galleries  which  conduct  to  them 
should  be  in  another  plane,  passing  through  the  bottom  of  the  ditch  at  the  foot  of  the 
counterscarp,  and  rising  at  such  an  inclination  as  to  intersect  the  plane  of  the  mines 
under  the  foot  of  the  glacis.  The  plane  of  the  galleries  will  therefore  be  fitvourably 
dispoeed  for  draining  off  the  water,  and  keeping  them  dry. 

The  mines,  disposed  as  above  explained,  may  be  placed  in  the  gallery  when  the 
latter  is  coincident  with  the  phine  of  the  mines ;  but  generally  the  mines  are  reached 
by  branches  driven  from  the  main  galleries. 


*  Oae- tenth  of  the  cube  of  the  line  of  least  reuatance  in  feet.— J.  W. 
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After  bsTing  l»id  down  the  foregoiDg  principle,  there  remsinB  to  be  giran  ft 
descriptioa  of  the  galleries  and  bnnchei,  anil  to  explain  hoir  they  shonlil  be 
dlrtril>at«d  in  ■  work  which  it  ii  inteaded  to  defend  b;  mines. 

The  name  of  Magistral  Oallerj  is  given  to  the  gatler?  A,  B,  C,  which.  Mrres  aa  ■ 
base  to  the  sjstem  of  defensirs  nines.  The  galler;  D,  B,  P,  which  is  parallel,  or 
neailj  ao,  to  the  Uagisttal  Oalteiy,  and  snnaniids  tbe  work  which  it  ia  intended  to 
defend,  is  termed  an  BnTelope  QaUerj  :  all  the  galleriea  marked  m,  m,  which  I<«d 
&oin  the  Ifagietral  to  the  EoTelops  GaUeiy,  are  termed  Qolleriea  of  Cammanication  ; 
and  those  marked  ;,  q,  &c.,  adTsnced  into  the  canntry,  and  presenting  their  ends  to 
the  enemy,  are  termed  UsUning  Oalleries  (fig.  3.} 


The  Hagistial  Oalleiy  has  occnpied  different  positions  in  different  sjMems  of 
defensiTe  minea,  vii. — under  the  buiqnette  of  the  covered-waj  ;  under  the  middle  of 
the  terreplein  of  the  oorered-waj' ;  and,  also,  immediatelj  behind  the   coonteiacarp 
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looking  inlo  the  ditch,  have  the  ■dnatage  of  defeodiog  it  bj  a  rerene  Grc  of  mniketry, 
U  the  uune  tima  th&t  thej  uimlC  light  uid  air  iLto  the  gftllerr.  The  ectnuicec  into 
the  oooDtoncup  g&llerj  from  the  ditoh,  and  whioh  ue  pUned  oppocite  to  the  gBlleriei 
uf  oonnnDiUOtioii,  are  fonsod  nith  oarrow  doon,  whish  doon  cui  be  boiled  in  the 
iiuida  of  the  galleij :  thu  unui(«a>»u(  pacmiti  th«  defender*  to  iaohUe  (henueliM  in 

Fig.  4. 


(he  gallsi7,  ihonld  the  atlacker  gacceed  in  obtuning  momeatary  pouemion  of  the 
lUtch.  Small  magaiinea,  marked  a,  a,  a,  a,  (Gg.  i),  are  conatraotcd  u  frequently 
*a  posaible,  but  principalljat  theentranceeofthegallerieiof  cammunicA^i'in ;  theaa 
maganDca  ari  OTQTeniect  recesaei  for  boldiDg  tooli^  the  fnme-work  of  galleriea, 
and  aand-ba^  for  tamping.  The  driest  and  moat  aeenrs  of  thsas  amall  loaganiiei 
are  appropriated  for  the  powder  Dwd  in  the  mining  openldoDi  Sliding  loopholed 
doon  alford  means  of  cnttmg  off  the  gallei;  of  conunoniestion  from  the  cooLteiscatp 


Fig  B  — Flan  and  Section 


gallerjr  when  the  eaemj  has  pooessed  himself  of  the  former.     These  doors  are  eoTCrsd 
with  plate  iroD,  and  arg  reprewoted  in  Gg,  G.     IHiej  are  moTed  by  two  handlM,  and 
■n  fastened  by  means  of  iron  ^ds,  which  pass  through  the  door  into  the  waU. 
The  Counterscarp  Oallerr  shonld  b«  S  (tot  broad  and  from  8  to  10  fest  high. 
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Ao  EnTdopa  Oaller;  hM  tlu  great  defect  of  preKotJng  it«  tidra  to  the  Olobea  of 
Compression  of  tlie  Beueger,  uid,  from  its  Klvsnoed  position,  is  liable  to  be  ewilj 
destrojed.  Bat  as  it  aerrcs  as  the  baw  of  more  adnnaed  defenHTe  gallerio,  it  foUowg, 
thftt  all  tliew  gallerie*  become  nseless  vheo  the  beii^ei  has  ancoeeded  in  desbojing 
the  enTslopa  gallery  towardi  its  two  extremities.  The  envelope  gallery  huv  *^  ^^ 
inoonreDienceofserriiigasabase  to  the  beBieger*!  miner,  after  he  has  gunedpoMeadoti 
of  it.  Ha  will  push  fonrard  his  subterranean  operations  with  w  much  greater  fkcili^ 
in  working  bom  tlie  eutelopegallerf,  which  will  contaia  all  the  material,  Ad.,  neceoaiy 
Ibr  the  oonstniction  of  hie  galleries.  The  miners  of  the  besieged  and  the  beaieger 
wonld  then  meet  on  equal  terms,  which  eqaolitj  is  certain];  oontraiy  to  the  spirit  of  a 
good  defence. 

It  hu  also  been  urged  agajnst  enrelope  galleries  tlat  thej  cannot  be  enfiladed  b; 
the  guns  of  tJie  fortras,  and  that  they  serve  as  a  tnmoh  to  the  besieger.  Bat  this 
does  not  seem  a  valid  objection  ;  for  it  appears  imposaible  to  enfilade  a  gallery,  nor 
«an  it  be  oonoeived  that  such  gallery,  placed  at  IS  to  18  feet  below  the  gronnd,  ooold 
•erve  the  enemy  as  a  tieneh.  However  this  may  be,  the  objections  prerionsly  cited 
are  Eotficient  to  condemn  envelope  galleriee,  and  to  abolish  them  &om  prqjaela  of 
def^ive  mines.  They  ought  to  be  emplojed  oulj  when  introdnced  in  small  partione. 
These  small  portions  of  envelope  galleries,  when  it  is  judged  proper  to  employ  them, 
■honld  be  6  feet  high  and  i  feet  broad. 


Oalleriea  of  Communication  exist  wherever  there  are  Envelope  Qalleriei,  or  portiona 
of  Envelope  Qalleries ;  or  otherwise,  they  extend  &om  the  Magistral  Qallerj  to  the 
poeition  occupied  by  the  Envelope  Qallery.  Their  dimenmons  are  the  same  as  thoae 
of  tfae  envelope  gallery,  because,  like  it,  they  should  be  adapted  to  an  active  drcula- 
tioD,  and  serve  ae  temponry  d^la  for  the  tools  and  materials  necessary  for  pre- 
paring the  mines  and  for  completing  the  tamping.  At  certain  intervala,  grooves,  b,  b 
{•ee  fig.  1),  are  left  in  the  brickwork  of  the  galleriee  generally,  in  order  to  hare  the 
power  of  interrupting  the  communication  bj  a  barricade  of  beams,  strengthened  with 
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their  jtmctioiis  with  the  envelope  galleriee,  by  slidixig  doors,  moveable  in  the  same  waj 
as  has  been  described  in  fig.  5. 

In  the  annexed  fig.  6,  a,  a  represents  the  envelope  gallery,  and  b  the  gallery  of  com- 
munication :  the  recess,  c^  c,  is  necessary  to  the  working  of  the  sliding  door,  and 
would  serve  as  a  d^pdt  for  tools  so  long  as  the  besieged  remained  master  of  the  gaUery» 
a,  a.  The  loopholes  on  each  side  of  the  door  would  allow  of  pistols  being  employed  to 
defend  the  door. 

LISTENING  OALLBBIES. 

It  is  by  means  of  Listening  Galleries,  which  are  pushed  forward  as  fiur  as  the  foot  of 
the  glacis,  and  sometimes  farther,  that  the  besieged  informs  himself  of  the  approach 
of  the  attack  :  placing  his  ear  close  to  the  ground,  he  hears  the  sound  of  the  blows  of 
the  enemy*s  tools,  judges  of  the  direction  of  his  approach,  and  commences  a  small 
branch  to  take  the  miner  in  flank.  It  is  from  these  circumstances  that  these  galleries 
have  been  term^  Listening  QaUeries. 

The  sound  of  the  enemy*s  pickaxe  can  be  heard  only  at  a  distance  of  about  60  feet ; 
and  for  this  reason  the  listening  galleries  should  not  be  separated  by  intervals  greater 
than  100  to  120  feet,  in  order  to  prevent  the 

besleger*s  miner  passing  between  them  unheard.  ^^8-  *  •     

The  distance  of  120  feet  will  then  be  the  maxi-  y^        ^\        y^        "N. 

mum  distance  between  the  listeners.    But  these       /  \  /  \ 

galleries  are  not  only  destined  to  warn  the  besieged      | 
of  the  enemy's  approach,  but  upon  them  princi-       y 
pally  depend  the  whole  of  the  subterranean  de-         \ 
fence.     I^  then,  a  mine  is  supposed  to  be  pre- 
pared in  each  of  two  consecutive  listeners,  and 
that  these  mines  have  a  line  of  least  resistance  of 
15  feet,  they  would,  when  exploded,  raise  the  whole 
space  included  between  the  two  listeners,  if  the 
latter  were  separated  by  36  feet  centre  iutervaL 

But  if  it  be  remembered  that  the  destructive  effect  of  a  common  mine  extends  in  a 
horizontal  direction  1  ^  times  the  line  of  its  least  resistance,  it  is  evident  that  the 
listeners  may  be  placed  at  central  distances  of  from  45  to  54  ft.,  that  is,  from  the 
centre  of  one  gallery  to  the  centre  of  the  next ;  and,  thus  disposed,  equally  prevent 
the  besieger  passing  between  them.  It  will  be  considered,  then,  as  laid  down,  that 
with  the  mean  depth  of  15  feet,  which  appears  best  adapted  for  defensive  mines,  two 
parallel  listeners  should  be  placed  apart  at  about  central  intervals  of  48  feet ;  and,  in 
this  position,  the  following  figure  (8)  shows  by  a  profile  how  the  mines  defend  the 
interval,  and  how  deep  it  would  be  necessary  for  the  besiegers  to  go,  in  order  to  avoid 
their  effect.  The  chambers  of  the  mines  are  at  40  feet  intervals,  the  distance  of  48 
feet  between  the  listeners  being  reduced  by  the  length  of  the  two  small  branches  which 
lead  to  the  mines  from  the  galleries. 

Listeners  cannot  be  pushed  very  far  without  becoming  untenable  from  bad  air. 
Experience  has  shewn  that  the  air  becomes  altogether  unfitted  for  respiration  when  the 
head  of  the  gallery  has  advanced  130  feet.  It  is  necessary  that  the  disposition 
of  defensive  mines  should  be  arranged  so  as  to  procure  currents  of  air,  and  that 
no  galleries  have  a  greater  length  than  120  feet  without  bemg  crossed  by 
another. 

The  listeners,  presenting  thdr  ends  to  the  enemy,  are  the  best  disposed  to  escape, 
as  far  as  is  possible,  the  destructive  effects  of  globes  of  compression.     Whenever  the 
besi^ed  ascertains  that  the  besieger  is  preparing  a  globe  of  oompreanoo,  which  will  be 
VOL.  II.  C  C 


892 


HINIHG,  MILITARY. 


szploded  at  some  distanoe  fraiD  the  bead  of  hie  ovn  listcmm,  hs  m&kM  un  of  hii  noBt 
adraDoed  miaee  id  those  Uftenen,  not  to  cnuh  the  eaemj,  wbo  a  out  of  reach  of  a 
oommon  miae,  but  to  make  a  aoit  of  rnpture  or  out  in  the  aoil,  *a  as  to  deaden  the 
effeot  of  the  globe  of  eomprasiion,  the  fbroe  of  which  vonld  be  diminiihed  bj  aetini  In 
a  eoil  already  loosened  and  ahaken.    Sneh  ia  tbe  firrt  eSert  of  defensiTe  minei ;  ita 

Fifr  8. 


parpoBO  ia  ^mptj  to  Dentnliae  to  a  cerlaiD  extent  a  blow  which  menaoea  them.  Bat 
after  the  fint  globe  has  been  sprung,  and  after  all  tbe  evil  it  can  prodnoe  baa  been  felt, 
and  when  the  direction  the  basJeger'B  miner  baa  taken  on  leaving  tbe  vast  crater 
produced  bj  the  globe  baa  been  diacorered,  thea  the  besieged  prepares  n  new  nua4^ 
either  in  the  listening  g&ller;  or  in  a  biwieh  leading  out  o£  it ;  and  aa  this  defcDsiva 
mine  in  the  branch  may  be  eiploded  before  the  beeieger  baa  prepared  his  aeoond 
glolie  of  compreaaioii,  tbe  gajriaoa  take  the  ofienaive,  and  spring  thii  miiu^ 
which  will  perhupa  crosb  the  enemj'a  miner,  or  at  least  deUj  very  cooiidecably  hia 
operations. 

Prom  what  has  beea  alre^dj  stated,  it  is  sTident  that  when  a  defengire  mine  ia 
placed  beluDd  tbe  masonry  of  a  lielener,  or  at  the  extremity  of  a  ebort  branch  leading 
trom  it,  the  listening  galleij  itself  requires  to  be  tamped  ;  it  is  necessary,  therefore. 
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should  not  be  more  dlBtant  than  12  feet  from  the  nearest  listeaer,  from  which  »  bimooh 
may  be  driven  in  twenty -four  hoars.  The  best  arrangement  would  certainly  be  to  dis- 
pose the  listening  galleries  so  near  to  each  other,  that  a  mine  fired  from  behind  the 
side  wall  of  the  listener  would  destroy  the  besieger^s  gallery  in  whatever  position  it 
might  be  ;  but  such  a  system  of  defensive  mines  would  multiply  the  number  of  listeners 
too  largely,  and  the  advantages  would  not  be  commensurate  with  the  increased  cost  of 
construction. 

It  must  be  understood  that  the  besieged  may  place  charges  in  any  position  in  the 
galleries  themselves,  or  in  branches  leading  frtmi  them.  CSare^  however,  must  be  taken 
in  determining  the  places  of  those  nearest  the  covered-way,  that  by  tiieir  explosion  the 


Fig.  9. 


M^.TA 


crest  of  the  glacis  is  not  blown  away,  and  the  defenders  of  the  covered-way  exposed. 
The  chambers  of  the  mines  alluded  to,  whatever  may  be  their  depth,  should  be  in  a 
plane  inclined  45"  to  the  horizon,  parallel  to  the  crest  of  the  glads,  but  passing  24  feet 
from  it ;  so  that  after  the  explosion,  there  will  remain  24  feet  thickness  of  earth  as  a 
parapet  to  the  covered-way. 

The  mines  placed  nearest  the  covered- way  are  in  a  plane  of  which  a  6  is  the  vertical 
trace. 

They  are  intended  to  blow  up  the  breaching  batteries  of  the  besieger,  should  he  have 
had  the  imprudence  to  construct  them  without  possessing  himself  of  the  ground  below. 
Their  pontion  being  determined,  the  branches  leading  to  them  may  be  constructed 
beforehand.  It  is  not  usual  to  establish  mines  in  the  covered- way,  because  the  besieger 
does  not  usually  lodge  himself  there,  and  because  their  explosion  would  probably  facili- 
tate the  descent  of  the  ditch. 


ARRANGEMENTS  ADOPTED  AT  THE  JUNOTION  OF  QALLEEIES  TO  VACILITATB  THE 

COMMUNICATION  AND  INCREASE   VENTILATION. 

At  the  point  of  junction  of  two  principal  galleries,  as  that  of  an  envelope  with  a 
gallery  of  communication,  it  is  usual  to  construct  small  vaulted  chambers,  as  are  repre- 
Plstit  IV.   Bented  in  figs.  2,  3,  and  6, 

These  chambers  are  necessary  to  facilitate  the  communication  at  the  junctions  ;  they 
serve  as  entrepots  to  the  miners  for  their  tools  and  materials;  t^ey  afford,  alao^ 
stations  fer  the  workmen,  who  wheel  in  the  earth  in  barrows,  and  then  fill  the  sand- 
bsgs  for  tamping.  In  order  to  improve  the  ventilation,  the  vault  is  sometimes  pierced 
at  the  top  (communicating  with  the  surfihce  of  the  ground)  by  a  cylindrical  orifice^ 
8  or  4  inches  in  diameter  (see  fig.  2).  The  chambers  are  occasionally  cirouUr,  as 
shown  in  fig.  2  ;  or  rectangular,  when  the  galleries  cross  each  other  at  right  angles 
(fig.  5) ;  or  losenge  shape,  when  the  galleries  cross  each  other  obliquely.  In  the  fint 
arrangemenl^  the  chamber  or  junction  of  the  gallories  is  covered  by  a  dome  ;  in  the 

C  C  2 
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■acond  and  third,  by  groined  archea :  at  ui;  janctjon  contuning  mare  tlum  two 
gsUeriM,  tlie  cihuaben  aliaald  tlmTB  be  drcnlsr. 

There  is  another  description  of  chamber,  irbi^  ii  Bometimes  made  in  the  middle  of 
long  galleriea,  in  order  to  bdlitate  the  oommnnication  between  them.  Thii  diunber 
(Gg.  t)  ^orde  all  the  oouvenienco  of  that  at  the  junction  of  galleries,  and  oondata 
mmply  oF  an  increoM  in  the  breadth  of  Uie  gaUer;,  ooTered  bj  a  ojlindricsl  arch  highar 
duui  that  of  the  gaiter;,  bnt  eoaeentrie  with  it :  the  gallery,  at  that  part  of  it  wUoh 
forma  the  chamber,  ia  aet  baok  on  eaoh  aide  about  2  feet,  being  a  breadth  anffioient  to 
allow  of  the  minora  with  their  loada  paaung  each  other. 

The  chamber  alao  afiorda  the  me&na  of  cloaing  the  gallery  by  a  door  with  ona  laaf 
vtb,  tg.  i)  when  it  ia  desirable  to  atop  all  commonioalion  suddenly. 


It  ia  not  only  under  the  gbda  of  the  fortreaa  that  defeniiTe  minea  are  oonatroeleil ; 
amplojment  ahonid  alao  be  made  of  their  powerful  aid  lo  retard  the  bedeger,  giving 
the  aaaanlt  to,  and  ealablisliing  a  lodgement  on,  the  bastiona.  Witli  thia  tIow,  a 
galiety  it  eonatrncted  parallel  b>  the  eacarp  of  the  Gmo  of  thebailion,  andabont20  yarda 
in  rear  of  it  (aee  fig.  10),  commoaicatjng  with  the  ditch  of  the  interior  retrenchment. 


Fig.  10. 


MININO^  MILITARY.  895 

The  mines  a,  a,  a,  a,  are  constructed  sufficiently  low,  while  the  others,  h,  hj  h,  are 
phioed  at  half  the  height  of  the  reretment.     (See  profile  given  in  Plate  Y.  fig.  6.) 

It  is  necessary,  then,  that  the  escarp  gallery  A  (fig.  6),  which  represents  the  profile 
of  the  system,  should  be  placed  at  such  a  level  that  it  may  not  require  too  quick  a 
descent  in  order  to  reach  the  mine  B,  placed  at  the  foot  of  the  breach,  nor  too  rapid 
a  rise  to  gain  the  mine  C.  If  it  be  supposed,  for  example,  that  the  height  of  the 
escarp  is  30  feet,  that  the  mine  G  is  placed  at  half  that  height,  tiiat  the  mine  B  is  9  ^ 
Pl^te  V.  below  the  bottom  of  the  ditch,  and  that  the  escarp  gallery  is  20  yards  from  the  back 
of  the  revetment,  then  the  floor  of  the  latter  gallery  ought  to  be  raised  about  6  feet 
above  the  bottom  of  the  ditch,  in  order  that  the  branches  A  B  and  A  G  may  have 
slopes  of  equal  inclination. 

Pig.  6  also  shews  the  effects  of  the  mines  B  and  C  on  the  ramp  of  the  breach. 

A  communication  is  sometimes  established  between  the  escarp  and  counterscarp 
galleries  by  means  of  a  passage  under  the  main  ditch ;  but  this  sort  of  communication 
is  not  convenient,  as  it  can  only  be  entered  either  by  a  ladder  or  a  quick  ramp  :  more- 
over, it  is  liable  to  be  filled  with  water,  and  made  impassable. 

This  arrangement  has,  however,  some  advantages,  when  there  is  a  wish  to  dispute 
the  descent  into  the  ditch  by  mining  operations ;  because  the  gallery  in  question  forms 
a  concealed  and  covered  itassage  to  the  scene  of  the  miner's  operations.  Without  this 
under-ground  gallery,  it  would  be  necessary,  under  such  circumstances,  to  cross  the 
main  ditch,  exposed  and  unprotected,  in  order  to  gain  the  counterscarp  gallery  ;  and 
as  the  besieger  occupies  the  oovered-way,  this  would  be  a  service  of  great  danger.  It 
is,  however,  to  be  remarked,  that  the  counterscarp  gallery  runs  throughout  the  whole 
extent  of  the  counterscarp,  by  which  means  it  may  be  entered  at  distant  points  from 
the  front  of  attack,  which  in  this  way  may  be  reached ;  but  besides,  as  this  arrange- 
ment renders  it  necessary  for  the  besieger  to  make  a  circuitous  route,  it  is  also  neces- 
sary, in  order  to  guard  against  surprise,  to  interrupt  the  communication,  and  to  out 
off  the  counterscarp  gallery  towards  the  flanks  or  extremities  of  the  front  of  attack  by 
strong  barricades,  in  order  to  isolate  the  pai-t  of  it  attacked.  Without  such  precau- 
tion, it  might  happen  that  a  violent  explosion  disclosing  an  opening  in  the  counterscarp 
gallery,  the  besieger  might  enter  it  in  force,  spread  right  and  left,  and  menace  with  a 
surprise  the  different  portions  of  the  Body  of  the  Place. 

Smce,  then,  the  counterscarp  gallery  does  not  always  give  to  the  besieged  a  sure 
route  to  reach  the  besieger's  miner,  when  the  latter  is  pushing  his  descent  into 
the  ditch,  it  is  evident  that  there  remains  no  other  choice  for  the  former  than  to 
cross  the  ditch,  exposed  to  view  from  the  besieger^s  lodgement,  or  else  to  em- 
ploy the  subterranean  gallery  already  alluded  to.  When  it  is  decided  to  con- 
struct such  a  communication,  it  is  necessary  to  add  a  cesspool  in  the  centre,  and 
to  arrange  the  floor  of  the  gallery  so  as  to  drain  into  it  the  water  that  collects  on 
its  surface. 

In  case  the  galleries  of  mines  cannot  be  drained  into  the  ditch  of  the  main  work, 
recourse  must  be  had  to  similar  cesspools. 

The  dimensions  of  a  gallery  below  the  level  of  the  ditch  are  the  same  as  those  of 
an  ordinary  gallery  of  communication,  which  is  usually  6  feet  high  by  4  feet  broad. 
But  its  masonry  should  be  a  little  stronger  than  that  of  an  ordinary  gallery,  because, 
having  from  its  position  but  a  slight  covering  of  earth,  it  is  liable  to  be  crushed  by 
Plate  IV.  shells  :  it  is  therefore  usual  to  give  it  a  thickness  of  about  2  feet.  Fig.  5  shews  that 
grooves  are  made  in  the  masonry  immediately  behind  the  cesspool ;  by  the  assistance 
of  which  barricades  could  more  easily  be  made  in  the  gallery,  which  would  intercept 
all  communication  when  it  is  decided  finally  to  abandon  the  mining  operations  under 
the  covered -way. 
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Th«  naaici,  dimtnaioo*,  and  poaitiooB  of  the  rarions  gatleries  h&Ting  been  now 
ezpIuDsd,  it  becomes  neoeouy  to  deaoribe  the  treoe  of  a  liniple  Sritani  of  Deftuln 
Mines,  Til.  Uwtproposed  I7  Dufonr.     (Sk  Flatee  II.  and  III.) 

If  the  fortiGcation  hare  raTdini  vith  eanudeinble  mlitoej,  aa  in  the  Praneli  Uodom 
BaatioD  System,  it  will  be  ineipedisnt  to  place  mines  under  the  glacis  opposite  the  aali- 
•nta  of  the  baMion.  For  it  results  fram  the  march  of  the  attack,  that  the  besiegar 
gains  pflSMsnan  of  tlie  rayelin  prsrioos  to  poshing  forirard  his  approaches  to  the  glads 
<qipasite  the  haatiaii :  and  (hettfoce,  as  the  pweage  of  the  main  dlleh  is  eipoaed  to  llie 
view  of  the  bedegor's  lodgements  in  ths  ravelin,  the  gairlNiii  could  not  oommimicate 
with  the  mines  nndsr  the  glacis  of  the  bastion,  excepting  by  a  subtaRaneai]  gallety 
below  tlie  ditob, — a  mode  which,  as  has  beeo  already  stated,  is  often  rendered  impiBO- 
ticable  from  the  diffienlt;  of  drainBge,  and  ia  always  Insscore  and  nncertMD.  Besides, 
too,  after  ttie  besieged  haye  carried  on  for  some  time  an  actire  defenaiTe  sabteraaaean 
warbre  under  the  salient  portion!  of  their  defences,  it  is  not  likely  that  the  pi 
■itherof  powder  or  of  men,  would  allow  them  to  renew  the  straggle  in  tl 
portions  opposite  the  bastioni. 

The  system  of  ddendie  mines  here  proposed  mnst,  therefore,  be  eoniidered  ■■  applied 
only  to  die  salient  portiona  of  Hie  trace  ;  hot  it  most  be  andenrtood,  that  where  the 
beaieger  coald  erown  the  corered-way  of  the  isTclin  and  of  the  bastion  at  the  aaine 
time,  a  similar  disposition  of  defensive  mines  must  continue  along  the  whole  oontonr  of 
the  glads.  Making  tliepan-coap6  of  the  aeJisnt  place  of  arms  6  yards  in  length,  lines 
pq,  qr,ri,  ate  drawn  parallel  to  the  crest  of  the  glacds,  and  60  yards  from  it.  These 
ines  gin  the  limit  of  ths  extreme  pointa  of  the  galleries,  ^rallel  to  7  r,  and  72  yards 
from  ft,  a  gallery,  t  r,  is  made  at  right  angles  to  the  capital,  and  extending  20  yards 
on  eaohside  of  it.  Bach  end  of  this  gallery  is  joined  to  the  paints  q  and  r  fa;  two 
galleries,  q  t,  r  v,  and  the  latter  are  produced  tn  the  eonntersoarp  gallery.  They  are 
eonnected  by  a  transverse  jtallery  balf-«aj  between  the  lines  q  r,  and  I  «,  and  parallel 
to  them.  A  gallery  on  the  capital  eitenda  from  ;  r  to  tlie  eoantereearp  gallery,  and 
half-way  between  it  and  Uu>se  terminating  at  q  and  r,  an  two  othen,  extending  only 
a*  fitras  the  outer  transverse  one.  The  podtion  of  Ihegalleriea  on  each  side  is  deter- 
mined by  plaelng  the  extreme  points  at  eqoal  distances  of  26  yards  apart,  eommeueing 
from  tlie  points  7  and  r.  The  first  two  are  directed  to  the  paints  t  lad  r,  and  Uie 
remunder  are  panlle  1  to  them. 
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FART    V. — ATTACK   AND    DEFENCE    OF    A    SYSTEM    OF    COUNTER- 
MINES.* 

8E0TIOV  L — OPERATIONS  OF  THB  BBSIBQER  WHEN    HB    A.RBIVBS    IB  THB  YIOIVITT    OV 
COUNTERMINES — SUBTERRANEAN  COMBATS   BETWEEN   THB  RIVAL  MINEBS. 

When  tlie  besieger  amTes  in  the  yicinity  of  the  gUcis  of  a  countermined  fortress, 
he  is  obliged  to  move  more  slowly,  and  dares  not  advance  on  the  soriSeuse  of  the  ground 
further  than  what  he  may  be  master  of  below.  He  then  commences  to  excavate 
the  earth,  in  order  to  try  to  discover  the  galleries  of  the  besieged,  and  seize  them,  or 
Plate  VI.  else  he  endeavours  to  blow  them  in  by  firing  mines.  To  accomplish  this,  in  the 
middle  of  his  third  parallel  he  sinks  shafts  such  as  a,  fig.  1,  from  16  to  21  feet 
deep  :  he  then  pushes  forward  a  gallery  d,  taking  care  to  stop  working  at  intervals, 
to  listen  if  the  enemy  is  coming  to  meet  him. 

Often  the  besieged,  especially  when  his  galleries  extend  to  a  great  distance,  drives  a 
branch  almost  under  the  third  parallel,  and  fires  one  or  more  mines,  such  as  c. 
The  besieger  under  this  supposition,  ought  to  make  a  lodgement  on  the  edge  of 
the  crater,  as  shewn  in  the  figure,  and  sink  a  shaft  (6)  in  his  own  lodgement.  This 
shaft  is  not  sunk  from  the  bottom  of  the  crater,  because  it  would  be  the  reservoir  of 
all  projectiles  thrown  from  the  place.  Care  must  be  taken,  however,  at  the  same  time, 
to  clear  away  the  excavation  caused  by  the  globe  of  compression,  in  order  to  discover 
the  direction  of  the  branch  which  joins  it,  and  which  necessarily  communicates  with  a 
main  gallery.     (See  Plate  YI.) 

While  the  besieger  is  sinking  the  shaft  5,  he  ought  frequently  to  listen,  for  there  is 
not  a  doubt  that  he  is  now  in  the  vicinity  of  the  mines  of  the  besieged ;  and  when  he 
arrives  at  the  depth  of  18  or  20  feet,  he  commences  a  branch  e,  breaking  out  on  that 
side  where  he  imagines  the  enemy's  gallery  to  be  situated* 

When  the  besieger  finds  himself  sufficiently  near  to  the  QaUery  of  the  Place,  and 
is  in  daoger  of  being  forestalled,  he  hastens  to  dig  a  chamber  at  the  extremity  of  his 
branch,  in  which  he  places  a  certain  quantity  of  powder  :  he  then  tamps  as  fast  as 
possible,  and  endeavours  to  fire  his  mine  before  the  besieged  can  find  time  to  establish 
one  to  destroy  his  work. 

The  besieged,  on  their  side,  directly  they  cease  to  hear  the  sound  of  the  pickaxe, 
work  with  the  greatest  possible  diligence,  because  they  suppose  from  that  instant 
their  enemy  is  engaged  in  tamping  their  mine.  If  they  have  the  good  fortune  to 
fidl  in  with  the  mine,  they  endeavour  to  seize  the  powder,  or  else  to  saturate  it  by  an 
inundation  of  water.  If,  on  the  contrary,  they  discover  a  part  of  the  branch  already 
excavated,  they  ought,  without  delay,  to  inundate  it,  in  order  to  destroy  the  hose,  and 
so  prevent  the  powder  from  exploding.  These  artifices  are  made  use  of  in  like  manner 
by  the  besieger. 

It  sometimes  happens  that  two  miners,  who  are  working  to  meet  each  other,  are 
only  separated  by  a  slight  partition  of  earth.  This  is  an  occasion  seized  upon  to  give 
the  '  camouflet,'  which  is  performed  in  this  manner  :  the  most  active  of  the  two  pierces 
a  hole  on  the  side  of  his  enemy  with  borers  of  different  diameter,  in  order  to  enlarge 
it  gradually,  and  to  give  it  a  diameter  of  6  inches  :  he  digs  this  hole  as  deep  as  he 
can,— from  6  to  8  feet,  for  instance  :  he  then  introduces  a  large  cartridge  of  the  same 
size,  containing  from  12  to  20  lbs.  of  powder  :  he  drives  in  this  species  of  mine  with 
a  wooden  plug,  which  he  fixes  and  props  up  strongly  with  a  piece  of  timber  across  the 


*  Compiled  by  JAnt,  now  Captain,  De  ButU,  R.E. 
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braDch  :  final];,  be  Bres  thia  little  mine  b;  means  of  a  fnie  wbieh  goes  through  tlie 
middle  of  the  ptng. 

If  the  gkller;  of  tho  enemj  i«  but  4  or  6  feet  from  the  ht»A  of  thU  eertndge,  fae 
ma;  be  sure  that  it  viL  be  driTen  in  b;  the  eiplodoB. 

To  produce  the  swne  effect,  two  or  three  ahella,  filed  together,  are  wmetemei 
employed  j  but  this  method  requires  a  great  deal  of  care  and  attention,  in  order 
that  one's  own  labour  be  not  exposed  to  destnicUon. 

Iq  EnbterraneaD  mrbro,  when  two  miners  are  irorking  to  meet  each  other, 
the;  take  eaw  to  tr;  tbs  gronad  freqnentl;  with  a  borer,  to  find  ont  exaoU;  what 
distance  the;  are  off.  Id  sneh  a  ease,  he  who  sees  the  end  of  hia  ensmj's  borer 
appearing,  keeps  a  strict  watoh  on  the  moment  it  ia  drawn  back  :  he  then  introdnoea 
qoiokl;  into  the  hole  it  learoa  a  pistol  loaded  with  ball,  and  fires  it  the  moment  he 
Imagines  the  hole  is  clear. 

This  oaght  to  be  fallowed  b;  three  or  fnnr  more  ;  after  which  a  probe  is  pushed 
into  the  opening,  to  clear  it,  and  preTent  the  enein;  from  coming  through  on  that 
■ide. 

Tanban  recommenda  the  followiiig  arUcIee  to  be  prorided  in  attacks  of  this  de- 
aeriptioD  ; 

lit.  A.  frame  of  wood  like  a  shield,  S*  or  i"  thick,  with  a  bolt  in  the  middle  to 
manage  it  with,  and  to  place  it  against  the  hole  perforated  b;  the  probe. 

Sndlj.  Smoke  balls  :  the;  are  pushed  in  through  the  same  hole  when  lighted,  and 
earo  is  taken  to  stop  the  orifice  on  one's  own  side,  so  that  all  the  smoke  goes  into  the 
enemj**  galler;,  bj  which  means  their  miner  ia  driven  awa;  for  some  timt.  During 
hia  abacDoe  the  mine  is  charged  and  fired,  whiob,  b;  blowing  in  the  galler;,  prerenta 
the  retnm  of  tbe  enem;.  If  the  opening  is  wide  enough,  a  shell  or  portfina  to 
■ufiocate,  or  grenades  ma;  be  introduced .  The  shell  is  to  be  preferred  when  it  eao  be 
used,  becaose  it  destroTa  the  part  of  the  galler;  vbere  it  falls.  Whea  a  thin  partition 
of  earth  diridea  tiie  combatants,  a  petard  is  need  to  blow  it  in. 

Such  are  a  great  part  of  tbe  artifices  made  naa  of  b;  miners.  To  aroid  them,  the 
berieger  sbonld,  a«  eoon  as  ha  can,  fire  a  mine  to  blow  in  the  branches,  and  sren  the 
galleries  of  the  besieged,  if  within  reach.  He  is  sure,  b;  this  means,  of  driving  him 
ava;  Ibr  some  dajra.  It  is  well  known  that  tbe  firing  a  mine  shakes  the  ground  to 
a  ooaaiderable  distance,  so  that  if  a  gallery  be  within  this  limit,  the  gases  of  the 
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fire.  He  may  also  use  grenades,  or  small  shells,  which  are  carried  in  a  banow,  or 
other  machine,  behind  which  the  miner  coyers  himself.  If  by  these  different 
manoeuvres  he  manages  to  penetrate  to  the  reti-enchments  of  the  besieged,  he 
endeayours  to  break  it  in,  dose  with  the  enemy,  and  drive  him  back  as  far  as  possible 
by  means  of  halberts,  bayonets,  and  pistol-shots  :  after  this,  he  barricades  the 
abandoned  gallery,  or  else  makes  a  lodgement  with  sand-bags. 

The  besieged,  on  their  side,  have  different  methods  of  introiching  themselves  in 
their  galleries.  When  they  ore  in  brick-work,  care  is  taken  to  divide  them  before- 
Plate  VI.  hand,  every  30  yards  or  so,  by  oak  doors  B  and  G  (fig.  2).  These  doors  are  pierced 
with  a  large  loophole,  which  is  shut  by  a  spring  shntter.  Inside  and  outside  the  door, 
blind  branches  (d^d)  are  made  in  the  footings  of  the  gallery,  one  to  the  rights  the 
other  on  the  left.     The  following  is  the  object  of  this  disposition. 

Let  us  suppose  the  gallery  B  C  to  be  an  envelope  gallery  into  which  the  enemy  have 
penetrated  by  the  branch  A.  The  defenders  then  retire  behind  the  doors  B  and  G, 
which  are  closed  in  such  a  manner  that  they  can  be  barricaded  on  both  sides :  tiie 
spring  shutter  is  opened,  and  through  the  loophole  are  thrown  small  leather  sacks 
filled  with  fireworks,  and  lighted  with  a  lighted  piece  of  tow  ;  grenades  are  also  thrown 
into  the  abandoned  part  of  the  gallery.  The  burning  and  explosion  of  the  i>owder 
enclosed  in  these  different  projectiles  cause  such  a  smoke  that  the  besieger  cannot 
support  it.  By  repeating  this  manoeuvre,  sufficient  time  is  gained  to  bore,  with  a 
borer  6  or  7  inches  in  diameter,  a  hole  in  which  firom  24  to  30  lbs.  of  powder  are 
placed,  which  is  tamped  properly.  The  explosion  of  these  small  mines  (/,  /,)  will 
not  fail  to  bring  down  the  walls  on  the  side  of  the  besieger,  and  thns  form  in  front  of 
the  gates  a  solid  barrier,  nearly  inaccessible  on  account  of  the  noxious  vapours  which 
generally  exhale  from  earth  and  ruins  impregnated  with  the  smell  of  the  powder. 

If  the  besieger  observes  that  the  gallery  has  a  sensible  slope  towards  one  of  the 
doors,  towards  B,  for  example,  he  ought  to  close  it  up  with  sand-bags,  as  shown 
at  D,  in  order  to  prevent  any  return  of  hostilities  from  that  side  :  then,  taking 
advantage  of  the  slope  to  B,  he  will  roll  down  howitzer  shells,  which,  bursting  near 
the  lower  gate  will  break  it  in.  The  besieged  is  thus  obliged  to  retire  80  yards 
further.  If  the  slope  were  sufficient  for  a  strong  man  to  roll  the  shells  right  up  to 
the  next  gate,  the  besieged  might  thus  be  forced  to  abandon  80  or  100  yards  of 
gallery  without  risk  to  the  besieger,  and  to  which  the  besieged  could  not  return  if 
care  were  .taken  to  bum  at  intervals  bags  of  powder. 

It  may,  however,  happen  that  the  besieged  are  so  strongly  retrenched,  and  haye  so 
well  known  how  to  employ  their  means  of  defence,  that  the  besieger  is  obliged  to  give 
ite  VI.  fig.  s.  ^P  the  hope  of  penetrating  by  the  branch  A.  In  this  case  a  great  deal  of  confusion 
may  be  caused  in  the  enemy's  gallery,  and  all  the  barricades  broken  down  by  rolling 
against  them  one  or  two  barrels  of  powder,  having  a  lighted  match  attached.  But  if 
B  C  form  part  of  an  envelope,  or  of  any  other  gallery  of  great  length,  and  in  a 
straight  line,  there  is  another  mode  of  attacking  and  turning  the  retrenchments,  both 
easy  and  expeditious  ;  and  which  may  be  thus  explained. 

The  besieging  miner  closes  instantly  the  opening  G  with  sand-bags,  which  he 
makes  secure  by  filling  up  the  spaces  between  the  bags  with  clay,  well  rammed  in. 
This  done,  he  works  without  ceasing  at  the  excavation  of  branches,  5  or  6  yards 
long,  by  the  side  of  the  foundations  of  the  gallery.  At  the  extremities,  holes  are 
driven  with  a  borer  from  the  top  of  the  branches  to  the  sur&ce  of  the  ground. 
The  ends  of  the  borer  shew  on  the  surface  (of  the  ground)  two  points  which  will  be 
of  service  in  discovering  the  direction  of  the  long  gallery. 

Let  us  suppose  that  by  this  means  the  position  of  the  gallery  A  B  (fig.  8)  has 
been  discovered  :  a  flying  sap  is  thrown  up  as  £»  as  B  the  following  nighty  above 
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ground,  and  a  sbiA  simk  «a  the  gtUaj,  10  or  IS  fMt  deep,  in  wUA  •  niiiia  eod- 
twDing  {ran  110  to  170  lbs.  of  powder  is  pUced.  Ths  firing  of  thii  vill  iafiUUblj 
break  through  (he  galluj,  and  I7  this  speedj  and  oortiiu  nanoBavre  the  bcaieged  ia 
fbroed  to  abandon  a  great  part  of  hii  nibleTraDean  voile. 

There  ie  another  mode  of  attack  wbicb  fau  not  been  need  np  to  the  preaent  daj, 
and  which  might  nerertheleai  pcore  an  iniaUibte  meani  of  redaeiDg,  in  a  ehort  time 
and  with  little  dangv,  a  ijttea  of  defennrs  mines. 

Let  UB  mppoee  that  a  nibterranean  warfue  haa  to  be  carried  on  in  front  of  a  fortna 
where  there  ie  a  lake,  a  stiMm  or  other  loune  of  water  ;  if  the  gronnd  en  which  the 
attack  is  made  is  not  mneh  above  the  lerel  of  this  water,  there  wonld  be  no  diffionltj 
in  raising  it  bj  means  of  pumps,  which  might  be  worked  bj  maciiiiiea  or  bj  water- 
wheels,  which  are  freqnentl;  met  with  bj  the  eide  of  mnning  waters  :  the  water 
thus  nuaed  might  be  ponred  in  torrents  into  the  galleries  of  the  bene^  direotlj  a 
paeeage  into  them  is  made.  By  this  means  a  great  part  of  the  defenmre  minea  mij^ 
be  mandated  to  aneh  an  eit«nt  ea  wonld  render  them  perfeetl;  naeleee,  or  at  least 
fiteilitato  grcatl;  tha  attack. 

All  the  oparationa  herdn  dcecribed  are  stow,  and  the  sDaceae  of  some  of  them 
mwertain.  To  shorten  the  work,  the  beaiegar  sametim«a  takes  the  opportonit;  of 
attaoking  the  oonntersoarp  with  a  body  of  men  :  for  tliis  porpoae  a  great  nmnber  of 
gtenadien,  eappen  and  miners,  are  ooUected  in  ths  third  parallel ;  these  troopa  msh 
DBt  before  dsf-break,  and  force  the  barriers  and  palisades  of  tits  corered-war. 
Immediatelj  after,  a  detachment  of  miners,  sqppjrt«d  by  grenadien^  dssoend  into 
the  ditch  and  endeanrar  to  penetrate  the  galleries  of  tiw  besi^ed  by  tha  entiinocs, 
whieh  are  usually  placed  at  ths  ronndings  of  the  oounterscarp.  They  (car  away  tlie 
hoeea  of  iht  mine  already  charged,  try  to  poll  down  the  Iramea  of  the  galleriea  made 
of  wood,  aod  if  they  GnJ  a  powder  magmine  of  the  enemy,  they  take  one  or  two 
barrels,  which  they  roll  to  the  diTergjng  points  of  the  main  galleriea ;  tlwy  place  a 
mafali  in  them,  and  retire.  The  explosion  of  this  powder,  which  is  not  strong  enough 
to  dij^Iaee  the  earth  abore,  canseB  a  great  disorder  in  the  galleries,  and  is  snffideut 
to  prevent  the  badeged  &oid  re-entering  tliere.  Sodi  a  snddsn  atlaclc,  if  it  laeoeeds, 
may  doubtless  giTe  a  great  deal  of  time  to  the  beaiegera.  It  rnnst,  howarsr,  be 
admEtted  that  snch  an  attack  voald  be  rub,  and  it  must  bt  premised  tliat  a  weak  m 
badly  oommanded  garrison  hss  to  be  dealt  with. 
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There  waa,  besides,  an  inclined  bnmoh  T,  whose  top,  B^  was  18  feet  below  the  gallery. 
(See  fig.  4,  PUte  YIL) 

The  mine  was  charged  with  1200  lbs.  of  powder,  and  on  firing  it  all  the  galleries 
were  blown  in,  nearly  in  inyerse  ratio  of  their  distance  from  the  mine,  as  shewn  in 
fig.  8.  The  branch  which  was  under  the  mine  was  likewise  driyen  in,  and  the 
diameter  of  the  crater  was  fonnd  to  be  45  feet. 

This  experiment,  althoogh  eondnsiye  in  its  results,  did  not  oonTinoe  some  miners, 
which  caused  Belidor  to  propose  new  proofs.  The  French  Goyemment^  feeling  the 
importance  of  such  a  diacoyery,  granted  his  request ;  and  Ck>unt  Argenaon,  then 
Minister  of  War,  assembled  Belidor  and  seyeral  officers  of  Artillery  and  Miners 
at  Bin  in  Normandy,  where,  in  the  grounds  of  the  Duke  of  Belleisle,  he  caused 
the  following  experiment  to  be  made. 
FlAte  VII.  In  ground  compoeed  of  soft  sandy  stone,  four  galleries,  A,  B,  C,  D,  were  built  in 
masonry  (figs.  5  and  6).  The  mine  F,  haying  a  line  of  least  resistance  equal  to  12 
feet,  was  placed  24  feet  from  the  gallery  G,  80  from  A,  86  from  D,  and  42  from  B. 
Under  the  mine  was  a  gallery  lined  with  stout  oak  casing,  14  feet  from  the  charge. 

The  charge  was  3000  lbs.  and  the  explosion  produced  a  yolcano  nearly  150  feet 
high  :  the  crater  66  feet  in  diameter  and  17  in  depth  was  perfectly  circular. 

The  galleries  D  and  A  were  broken  in  the  whole  of  their  length,  except  about  12 
feet  at  one  of  the  ends. 

The  gallery  C  was  destroyed  for  the  length  of  45  feet,  so  that  at  one  end  16  feet, 
and  at  the  other  12  feet  were  left  standing. 

Finally,  the  gallery  B  was  entirely  broken  in,  with  the  exception  of  12  feet  at  the 
end  the  most  remote  from  the  mine. 

The  gallery  under  the  mine  was  found  to  be  destroyed  to  the  length  of  12  feet, 
which  leaves  for  the  hypotenuse  of  the  triangle  E  F  Z  (fig.  7)  88  feet.  From  this 
Belidor  ooncluded  that  his  globe  would  haye  destroyed  a  gallery  50  hei  under  the  sur- 
£m»  of  the  ground,  which  is  the  greatest  depth  at  which  defensiye  mines  are  oyer  placed. 

The  two  preceding  proofs  were,  without  doubt,  sufficient  to  establish  the  reality  of 
the  globe  of  compression,  and  shew  how  erroneous  had  been  the  opinions  of  former 
miners.  They  were  further  corroborated  at  Potsdam,  in  the  presence  of  Frederic  II., 
King  of  Prussia,  by  the  engineer  Le  Febyre.  As  that  officer  carried  on  his  operations 
in  sand,  he  thought  the  L.L.B.  should  be  increased,  and  therefore  he  made  it  15  feet. 
He  constructed  three  galleries,  distant  respectiyely  from  the  mine  24,  S2,  and  42 
feet :  under  the  charge  was  a  gallery  distant  from  it  16  feet.  All  the  galleries  were 
5  feet  by  3  in  the  clear,  and  were  lined  with  oak  casing  :  80  feet  from  the  great  mine 
a  smaller  one  was  constructed  at  the  same  depth.  The  charge  of  the  first  was 
8000  lbs.,  and  the  following  was  the  result. 

The  crater  was  66  feet  in  diameter  and  18  feet  deep,  free  from  rubbish,  and 
perfectly  smooth. 

After  such  authenticated  proof^  there  can  be  no  doubt  of  the  existence  of  the  globe 
of  compression.  Practice  and  theory  here  coincided  exactly :  and  instead  of  con- 
testing results  which  did  not  admit  of  a  doubt,  it  would  haye  been  &r  better,  during 
Belidor' B  life,  to  have  tried  on  the  one  hand  to  make  them  serviceable  for  the  attack 
of  defensive  mbes,  and  on  the  other  to  prevent  their  destructive  effects. 

However  this  may  be,  Belidor  proposed  to  reach  and  blow  in  at  a  great  distance, 
by  means  of  bis  globes  of  compression,  the  subterranean  works  of  the  besieged  :  he 
observed  truly,  that  the  latter  could  not  profit  by  the  discovery ;  1st,  because  it 
required  too  great  a  consumption  of  powder ;  2ndly,  without  driving  very  long 
branches  in  front  of  his  galleries,  these  would  run  the  risk  of  being  blown  in ;  8rdly, 
because  the  masses  of  earth  thrown  up  liy  these  explosions  afforded  too  good  cover  to 
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k  beaieger.  Thus  the  author  of  the  diacoTei;  ccnolnded  that  it  Tonld  eDtirelf  be  in 
fsTaur  of  the  besi^er ;  uid  some  tame  after,  globes  of  oompreedoa  aenei  ai  » 
poirerfal  auiliarf  in  opening  tbe  gatce  of  Schwddnitz  to  Frederic  tbe  Qreat.  In  the 
TDTke  of  Iiefebvre  inaj  be  Been  an  aecoont  of  this  memarable  licge,  during  which  the 
Proaaiaiu  fired  foar  globes  of  compreeuon,  the  laet  of  vhich  blew  in  the  oonnteraeaTp, 
driring  the  nibbiah  against  the  verj  reretmenl  of  the  fortreBS,  forming  thereb;  a 
ramp  aa  praetieable  as  that  prodaced  bj  a  breaching  bAttery.  It  is  to  be  iegi«U«d 
that  Le  Febrre,  who  directed  the  attack,  and  who  ought  to  hare  vidted  the  mines  of 
iJhe  besieged  after  the  sorrender  of  the  place,  has  not  made  na  better  aoqoainted  with 
the  detul  of  thcae  new  prooft.  It  wonld  hare  been  interesting  to  know  at  what 
dielance  &am  tJie  mines  the  galleriee  were,— if  thej  were  mptmed,  and  for  what 
length, — if  tiie  gases  of  the  powder  fired  in  iJie  globes  of  compreadon  penetrated  into 
some  galleries,  and  there  spread  so  as  to  drive  tbe  bedeged  away.  The  silence  pie- 
serreJ  hj  Mm  on  tiiese  points  leads  to  the  sappodtion  that  he  did  not  obt«n  from 
his  mines  all  llie  efiact  he  expected :  and  what  make*  this  opinion  still  more  probable 
is,  that  ten  or  twelve  hoars  after  the  explosion  of  the  two  first  globes,  the  besieged 
gave  '  the  camouSet '  to  the  Fmsdan  miner  who  was  established  in  tJieir  craters. 

This  drcnmstAnce  at  the  eiege  of  Schweidniti,  recorded  in  the  writings  of  Le  Pebvn 
himself,  has  renewed  tbe  old  dispniee  on  the  disoovery  of  Belidor  ;  and  some  modem 
miners  have  gone  so  &r  as  to  deny  tbe  eiiitence  of  the  globe  of  oompreaiion.  Not- 
withstanding the  talents  and  reputation  of  these  anti-globists,  as  Le  FebTre  called  - 
tbem,  it  most  be  confessed  that  the  reasons  nhich  led  them  to  this  nngnUr  coneluBion 
Isle  VI  liBTe  not  much  fonndation.  Let  ns  suppose  that  the  gallery  a,  b  (fig.  i),  is  blown  in 
for  the  length  of  SO  feet  or  so,  and  tiiat  the  bedeger,  having  crowned  the  crater, 
sinks  a  shaft  (C)  a  little  to  the  right  of  his  lodgement :  there  is  no  doobt,  if  the 
gallery  be  stjil  snSdently  TentUsted,  that  the  beaieger  can,  withoat  loss  of  time,  go 
to  meet  Ms  nnder-gronnd  foe,  and  give  him  tbe  'camoaflet'  after  a  Ispee  of  some 
hoara,  aa  wae  done  at  the  siege  of  Schweidnita.  All  that  we  have  a  right  to  oonclnde 
from  such  an  occnrrenoe  is,  that  the  gases  prodnoed  by  the  powder  pedetrated  into 
the  galleries  only  in  small  qnantities. 

Of  all  tbe  opinions  broached  on  this  important  process,  those  of  Maoit  appear  the 
most  aoond.  This  talented  miner,  obBerving  that  the  galleries  at  Schweidniti  almost 
all  presented  their  ends  towards  tbe  bedeger's  mines,  suspected  that  in  this  podtion 
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If  he  breaks  ground  at  40  yards  from  the  head  of  the  most  adyanoed  gallery,  by 

means  of  sliafls  18  feet  deep,  their  excavation  will  reqnire  twenty-four  honrs  at  least ; 

and  the  radius  of  the  crater  of  the  globes  of  compression  requiring  to  be  18  yards, 

l»te  VIII.    eacij  ^f  ^^  galleries  (fig.  1)  ought  to  be  from  24  to  26  yards  in  length,  in  order  that 

the  parallel  from  which  they  break  out  may  suffer  no  harm  frt>m  the  explosion,  but 

not  longer,  or  he  will  be  heard.     These  shafts  and  galleries  will  consequently  require 

from  4  to  4^  days*  labour :  the  transport  of  powder, — the  necessary  time  for  loading 

the  mine^ — the  placing  the  casing  for  the  hose,  and  the  tamping  occupy  at  least 

1 4  day,  which  gives — 

Days. 

For  the  establishment  of  the  first  globes  of  compression,  nearly  7 

For  forming  a  lodgement  to  crown  the  crater  of  each  of  these 

globes 1 

The  globes  of  compression  of  the  second  attack  require : 

1st,  Sinking  shafts 1 

2nd,  For  branches  6  yards  long,  at  the  end  of  which  each  new  ;  4} 

globe  is  formed 1 

8rd,  For  the  transport  of  powder,  the  excavation  of  the 

branches,  and  the  tamping H^ 

Similarly,  for  the  globes  of  the  8rd  attack    .         .         .         •  ^i 

,,  ,,  4th      ,,         .  .         •44 

I,  ,,  oth      ,,..>•  44 

Total 25  days, 

which  may  well  be  reckoned  as  80,*  including  casualties  and  delays  which  always 
accompany  a  work  of  this  nature. 

But,  adds  Bousmard,  how  much  more  may  the  besieged  retard  this  work,  both  by 
sorties,  by  spies,  and  by  watching  the  transport  of  the  wood  for  casing  the  shafts  and 
galleries,  as  well  as  the  heaps  of  earth  which  arise  from  their  excavation  ?  He  may 
form  on  the  parapets  trench  cavaliers  opposite  the  most  considerable  heaps,  and  those 
of  which  the  earth  is  of  a  fresher  colour  than  the  rest.  By  these  means  he  may 
discover  the  spot  where  the  miner  is  employed,  before  the  latter  gets  to  the  bottom  of 
the  shaft. 

The  delays  occasioned  by  '  camouflet  *  mines  and  the  subterranean  arrangements  of 
the  besieger  cannot  be  estimated  at  less  than  a  month,  which  gives  a  period  of  two 
months  by  which  countermines  prolong  the  defence  of  fortresses.  It  may  be  seen  that 
the  method  proposed  by  Bousmard  for  the  attack  of  defensive  mines,  by  means  of 
globes  of  compression,  is  the  same  as  that  followed  by  Le  Febvre  at  the  siege  of 
Schweidnitz. 

The  Russians,  in  their  war  with  the  Turks  in  1828,  took  advantage  of  this  method 
against  Silistria,  not  to  destroy  countermines,  which  the  latter  had  not,  but  to  openUie 
counterscarps  of  fortresses  they  attacked,  and  drive  the  rubbish  against  the  foot  of  the 
revetments,  the  upper  part  of  which  had  previously  been  brought  down  by  guns.  This 
operation  succeeded  completely  at  the  sieges  of  Chocrim  and  Bender,  where  they  thus 
managed  to  make  practicable  breaches.  It  would  be  very  interesting  to  possess  the 
details  of  these  different  operations.  If  a  series  of  experiments,  well  authenticated, 
could  be  collected,  and  the  circumstances  of  them  combined,  we  might  perhaps  be  able 
to  arrive  at  satisfactory  conclusions,  and  solve  the  following  important  problem  : 


•  The  time  allowed  Memi  oceMi? e«— Aitfor. 
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QiTea  the  widbh'uil  depth  of  the  ditch  of  >  vork, — it  U  rsqnired  (o  God  Uu  ndl 

of  azpIoaioD  of  aa  oicrchargsd  mine  both  Terticaltj  md  horiuntallj,  and  tiM 

qaantJt;  of  powder  eeceettr;  (o  drive  Uw  miiu  of  the  conutencup  ■gainst  tlw 

apposite  reretmcDt,  lo  u  to  form  than  a  pneticable  njop. 

Although  Belidor  «w  the  iuTenlor  of  globea  of  eompramoii,  he  did  not  »iap»ak 

Ottm  of  pneifing  thia  ■ingolar  propertj ;  at  Itsst  no  tiaceof  it  ii  found  m  his  werki, 

•ad  ohanse  alone  diiooTeied  it  at  the  nege  of  Schweidnita. 


Not  ntiafied  with  IiaTing  girea  to  the  besieger  minei  whose  effecU  woold  be  -nrj 
extended,  Belidor  at  the  same  time  found  out  a  simple  wa;  of  oooTerting  into  tnoAe* 
the  dsfendTe  galleries  which  had  been  seiied.  Sappcaing  tlutt  an  anttanoa  Las  bem 
•ffeotod  into  a  gallatr,  he  proposes  placing  at  different  interrals  beapa  of  powder 
having  a  oonmoa  hose  among  them.  Bj  firing  them,  the  roof  of  the  gallm?  ia  blown 
0^  and  if  the  charge  has  not  been  too  considerable,  a  tort  of  diteh  about  £  jards  deep 
ia  fonned  on  the  lur&oe  of  the  gnmnd,  on  llie  brink  of  which  the  earth  raised  bf  lh« 
explosion  forms  a  parapet  on  either  side. 

In  the  experimeuta  carried  on  at  BIsi,  uiltait  panetrated  into  a  listealng  gallerj 
which  wM  40  yards  in  length,  b;  means  of  Uie  crater  of  a  mine  ;  at  the  same  lima 
they  seiied  Si  yards  of  one  gallery,  and  12  of  anoUier.  At  the  ends  of  these  gallaiies 
letrenclunents  were  made  of  sand-bagB.  The  hose  was  then  lud ;  ten  burela  of 
powder  in  two  heaps  in  Uie  tnuurene  galleiy,  sixteen  in  fonr  lole  in  the  longitudinal 
gallery,  and  as  many  more  in  the  liatening  gallery,  were  laid  leapectiTely ;  Uw 
wtranoe  throi^h  the  crater  was  stopped  np  :  all  this  took  seren  hours  to  oompleta. 

The  gronnd  abovs  the  galleries  was  carried  awt^  by  the  firing  of  Uii>  oharg^  and 
the  pdleiies  wcra  thns  changed  into  trenches  S  yards  wide  by  2  or  3  yards  deep. 

Though  these  trials  wsre  renewed  by  Belidor  UnueU;  they  are  not  yet  mffimentl; 
nnmattm*  to  allow  of  mica  bung  applied  to  them  with  certainty,  suitable  for  diffennl 
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tben  ezGavated  before  the  air  has  been  renewed  in  the  enemy's  gallery  ;  th^  try  to 
find  the  ruins  of  it^  and  enter  and  attack  it  Tigoroosly,  and  retrenchments  are  made 
as  in  the  former  case. 

In  applying  to  galleries  which  haTC  been  seized  the  role  before  giren,  Belidor  con- 
verts them  into  trenches,  and  thus  gains  considerable  cover,  safe  communicationSy 
and  immense  parallels,  through  which  he  proposes  to  lead  the  troops. 

This  method  of  attack  is  doubtless  ingenious,  and  easy  of  application :  it  can  be 
employed  in  many  instances,  and  its  efifect  would  be  decisive ;  it  would  not  only 
destroy  the  galleries  belonging  to  the  besieged,  but  also  the  retrenchments  and 
barricades  that  might  be  built  by  them. 

It  cannot,  however,  be  expected  that  by  this  method  exclusively  a  system  of 
countermines  can  be  destroyed.  The  besieger  would  in  reality  be  obliged  to  renew 
frequently  his  attacks,  so  as  to  become  master  of  the  gallery ;  and  it  must  be 
admitted  that  if  the  besieged  knows  how  to  make  use  of  his  position,  the  resxdt  of 
these  combats  would  be  often  uncertain.  Belidor  has  perhi^  attached  too  much 
importance  to  his  discovery,  in  applying  it  to  all  the  systems  of  mines  known  in  his 
time^  the  attack  of  which  he  has  described,  according  to  his  new  method,  in  his 
manuscript  treatise  on  Subterranean  War&re. 

This  idea  of  taking  places  by  means  of  their  own  mines  appeared  so  engaging  to 
him,  that  he  proposed  the  building  of  galleries  to  places  devoid  of  them,  so  as  to 
convert  them  afterwards  into  trenches.  As  experience  teaches  us  that  a  sapper  can 
advance  160  yards  above-ground  in  twenty-four  hours,  while  a  miner  can  scaroely 
build  4  yards  of  gallery  in  the  same  time,  it  is  very  doubtful  whether  this  last  idea 
of  Belidor  is  within  the  limits  of  probability. 

The  '  History  of  Sieges '  gives  several  examples  analogous  to  those  proposed  by  our 
author  ;  and  he  himkelf  affirms  that  in  the  war  of  1701  the  allies  had  recourse  to  a 
sort  of  covered  sap^  which  they  made  use  of  with  success  at  the  sieges  of  Toumay  and 
Bethune. 

They  advanced  boldly,  he  says,  between  two  horn- works,  without  running  any  risk 
from  the  tremendous  fire  kept  up  from  the  branches  of  these  works,  and  arrived  as 
fiir  as  the  salient  angle  of  the  covered-way.  They  went  under-ground  to  the  depth  of 
2  or  3  yards  by  means  of  straight  galleries  3  feet  wide,  4  feet  high,  and  2  yards  in 
length  :  when  these  small  portions  of  galleries  were  completed,  the  earth  above  was 
blown  away,  then  widened,  and  zig-zags  excavated  where  necessary. 

This  example,  although  not  very  different  from  mining,  may  find  applications  in 
the  attack  of  places  liable  to  inundations,  and  which  can  only  be  approached  by 
means  of  dykes  or  narrow  causeways. 

SBOTION   V. — ON   THB   FOBMATIOH  07  BRIAOHES  BT  XIHE8. 

Since  artillery  has  been  so  greatly  augmented  in  armies,  breaches  have  been  made 
by  guns  in  fortified  places. 

The  method  of  making  breaches  by  mines  being  slower,  more  dangerous,  and  less 
certain,  has  been  abandoned  in  the  present  age.  As,  however,  instances  may  occur 
in  which  an  army  without  artillery  finds  itself  obliged  to  carry  an  important  post 
surrounded  by  a  scarped  wall,  it  is  necessary  to  give  some  details  on  this  subject. 

When  the  besieger  has  established  himself  on  the  crest  of  the  covered-way,  and 

has  effected  a  descent  into  the  ditch,  he  pushes  forward  a  sap  to  the  foot  of  the 

revetment  of  the  work  he  is  attacking,  supposing  the  ditch  to  be  dry ;  if  not,  he 

ought  to  fill  it  up,  and  construct  an  epaulement  on  the  side  of  the  flank,  as  is  done 

>uu  VIL  at  the  attack  of  places.    He  then  places  against  the  revetment  the  planks  e  (fig.  l)^ 
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S  or  S  ;ardi  1od&  1  feot  wide,  and  4  inchei  tMck  :  these  am  eovered  with  tin,  to 
niut  fire  :  tlur  are  made  to  lean  againat  the  wall,  leaviiig  rofEtucDt  reom  for  two 
miners  to  lert  coDvenieDtlj,  aad  work  at  their  ease.  Ptnall;,  the  besieger  eoTen 
them  with  raw  hide^  and  fanna  an  epaulement  with  aand-bag^  to  protect  ths  men 
ftom  the  Ere  o(  the  eoUalenl  worka. 

Ths  minera,  nnder  eoTar  of  the  planks,  then  work  to  break  throngh  the  reretment, 
and  bnrj  thenaelTee  in  the  wall  as  bet  m  possible.  The  entranos,  or  'eje  of  the 
mine,'  ai  it  ie  teohnicall;  called,  onght  to  be  a  foot  abore  the  lerel  of  ths  water, — 
tappoeiiig  that  the  enemf  have  no  means  of  raising  it  b;  innndating  the  dtlch  ; 
without  this  precaation,  there  is  a  risk  of  the  work  being  inundated ;  and,  ai  a 
geuend  mle,  the  miner  should  &lirajs  commence  work  one  foot  above  the  level  of 
highest  water. 

When  it  is  poaaible  to  erect  a  battery  of  one  or  two  gnna  on  the  eorered-way,  to 
sorer  the  miner,  the  opportonitj  should  not  be  lost.  In  aiming  constantl;  at  the 
same  spot,  *  hole  I  or  2  jards  deep  is  soon  opened,  into  which  the  miner  gets,  and  is 
■Don  under  corer  from  the  fire  of  artiUerj  or  mnsketrr  from  the  flanks,  as  well  aa 
sheila  and  grenades,  which  are  rolled  down  apon  him  from  the  top  of  the  rampart. 
He  has  Uien  onljr  the  sorties  and  the  mines  of  the  besieged  to  fear. 

The  min^  onght  to  enter  the  reTetment  b;  a  horisonal  gaUerj  at  right  angles  to 
the  direetion  of  the  face  of  the  work  which  be  is  entering :  this  little  gallerj  ia  S| 
feet  high  hj  2\  leet  broad.  When  he  gets  to  the  earth  of  the  rampart,  he  drives  two 
galleries,  right  and  left^  which  are  directed  along  the  inner  nde  of  the  revetment 
wsJI,  and  which  are  2  feet  S  inehee  high  and  2  feet  wide ;  their  length  irariei  aeoonling 
to  the  thickness  of  the  wall,  and  the  mines  placed  at  their  ends  should  be  so 
t^olated  that  their  lines  of  least  reustance  ma;  meet  at  a  point. 

At  the  end  of  the  bntnehes,  the  chambers  of  the  mines  are  dag  so  that  one-half  of 
them  is  in  the  maaonr;  of  the  walL  Vanban  states  that  this  is  the  best  method  of 
obtaining  tlie  greatest  effect ;  when  mines  can  be  established  in  the  connlerfortt,  cara 
It  taken  to  do  so,  A  twoibld  advantage  is  gained  b;  this ;  ths  powder  acts  with  more 
Mrtunt7  on  the  ontside  of  the  revetment,  at  the  same  time  that  the  ooimterforta 
destroyed  complelelj  leave  the  earth  to  support  its  own  wdght. 

When  the  chambers  of  the  mine  are  completed,  the  powder  is  bronght  np  in  sand- 
bags ;  the;  are  then  loaded  and  tamped.     The  firing  shanld  be  eimultanoons,  in 
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laid  acnwB,  and  to  collect  in  the  space  between  a  great  quantity  of  powder  in  heaps. 
The  explosion  will  bring  down  the  whole  of  the  £sce  of  the  work.  Some  proote  of 
this  expeditions  mode  of  proceeding  have  been  made. 

In  the  preceding  it  has  been  sapposed  that  the  wall  required  to  be  opened  has  earth 
at  the  back ;  but  it  may  happen  that  a  breach  is  required  to  be  made  in  a  castle 
situated  in  a  defile  where  cannon  cannot  be  transported. 
PlMU  VII.  ^  ^^  c<^^}  suppose  a  a,  fig.  2,  to  be  a  wail  first  required  to  be  opened  for  a  mine ; 
the  thickness  must  be  ascertained  as  nearly  as  possible;  a  gallery  6  is  then  commenced 
at  the  foot  of  the  wall,  which  is  driren  to  the  middle  of  it ;  returns  are  made  at  right 
angles  to  this  galleiy,  and  at  the  end  of  them  are  phused  the  mines  e  c :  the  explosion 
of  these  taking  place  simultaneously  will  throw  down  a  greater  portion  of  the  wall. 

This  supposes  the  wall  to  be  8  or  4  yards  thick ;  but  if  it  be  only  2  yards  or  less, 
it  will  be  necessary  to  establish  one  or  more  mines  under  the  foundation,  supposing 
the  ditch  to  be  dry,  takmg  care  to  place  them  in  the  middle  of  the  whole  width.  To 
overthrow  a  wall  only  2  or  3  feet  thick,  it  is  sufiicient  to  place  one  or  more  barrels  of 
powder  against  it. 

APPENDIX   I. 

Obicrvaiicnt  upon  Mint  Fram€$for  Field  Service.* 

When  the  mining  practice  commenced  at  Chatham,  in  the  year  1812,  the  system 
which  was  then  adopted  was  not  that  now  in  use,  called  '  chassis  il  la  HoUandaise,'  but 
the  earth  of  the  galleries  was  supported  by  means  of  a  frame  of  peculiar  construction, 
admirably  suited  to  the  purpose,  resembling  in  some  respects  a  common  door-frame. 

This  frume  was  composed  of  a  capslll  of  from  4  to  6  inches  in  depth  (according  to 
the  size  of  the  gallery)  and  4  inches  in  width  ;  of  stanchions  4"  x  4"  and  of  ground- 
sills 4"  X  2," ;  aud  they  were  put  together  without  naiU  or  screws,  or  other  fastenings, 
and  were  not  subject  to  derangement. 

The  frames  were  placed  at  intervals  of  from  8  to  4  feet  apart,  according  to  the 
nature  of  the  soil,  and  formed  the  support  of  a  series  of  planking,  9  inches  wide  and 
2  inches  thick,  called  the  '  top  sheeting,*  which  was  lodged  upon  the  capsills,  and  of 
other  planks,  9  inches  wide  and  14  inch  thick,  which  supported  the  sides  of  the 
gallery,  and  were  called  the  'side  sheeting.' 

On  the  bottom  of  the  gallery,  the  groundsills  alone  rested,  and  were  let  into  the 
floor,  so  as  to  be  flush  with  the  surface  of  the  ground. 

Some  years  later,  for  some  reason  which  I  have  never  understood,  this  system 
(which  was  copied  by  some  of  the  continental  nations)  was  abandoned  by  us,  and 
recourse  was  had  to  the  system  called  the  '  chassis  k  la  HoUandaise.* 

This  is  a  case  composed  of  4  pieces  of  pUnk,  of  from  14  to  2  or  24  inches  in 
thickness  (according  to  the  sise  of  the  gallery),  and  the  width  depends  upon  that  of 
the  planks  which  can  be  obtained. 

The  form  of  this  case  is  rectangular,  and  both  the  capsill  and  groundsill  have  two 
notches  at  each  end,  while  at  each  end  of  both  the  stanchions,  there  are  tenons  corre- 
sponding to  those  notches. 

Each  of  the  stanchions  is  hollowed  out  on  both  edges  near  the  middle  of  its  length, 
to  admit  of  its  being  more  easily  handled  by  the  miner,  and  for  pickets  being  driven 
through  the  opening  thus  formed  into  the  sides  of  the  gallery,  to  keep  the  stanchions 
more  steadily  fixed  when  used  for  the  support  of  ascending  or  descendbg  mines. 

In  the  practice  at  Chatham  it  is  found  necessary  to  cut  away  more  of  the  head  of 
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tfa«  gkUn;  dun  th*  men  )>agli(  for  th«  mm  Then  placed,  lo  allow  of  iu  clauiiig  th* 
top  of  tho  tanoD  in  tho  act  of  plamDg  it^  after  vhisli  it  ia  dropped  into  iU  pUee  ; 
therefijre  an  interral  is  obliged  to  ba  left  betveas  the  upper  lorfaoe  of  the  capiill  aod 
the  earthen  roof  of  the  galler;,  eqoal  ui  depth  to  the  hdghl  of  the  tenrai. 

It  HU  fbnsd  that  thia  gave  the  oppoitnoit;  for  a  Bcttlemenl  of  the  gronod  ;  aod 
(hJB  iadaoed  Seijeant-Major  Jonea  *  to  suggest  an  alteratjon  of  the  fraoM^  whicfa,  to 


It  viU  ba  aaen,  from  what  has  been  stated  abore,  that  a  eqaiU  will  anawer  the 
pnipoae  of  a  gratrndaiU,  and  that  the  itanehianaare  aaitabia  to  rather  aids  of  the  gallw;. 

In  9«ijeant-H^{or  Jonea'a  pnipoaitioa,  one  end  of  the  graoDdeill  had  a  notch  eat  in 
it,  to  reoeire  the  tenon  of  one  of  its  atanohions,  that  atanohion  hanug  two  teuona. 
The  other  end  of  the  grooiidmll  haa  a  cleat  nailed  npon  the  inrfaoe,  in  a  position 
eoTTeaptnkding  with  that  of  the  notoh  at  the  other  ad.  The  atanohion  for  thia  aide 
haa  also  a  notch  cut  to  fit  orer  this  cleat,  and  at  the  other  end  of  the  staiuhion  then 
ia  a  tenon,  like  that  on  the  opposite  side  of  the  caae.  The  eapmll  haa  a  notoh  at 
either  end,  to  recrare  the  correapoading  tenon. 


E 
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that  of  the  stanchion  previonsly  fixed,  and  ia  then  gradually  slid  along  the  sorfiMe  of 
the  groondsill  till  its  notch  passes  over  the  oleat,  when  two  pickets  are  driven  throngh 
mortise-holes  on  either  side  of  the  cleat,  to  keep  the  stanchion  from  being  foroed  out 
of  its  proper  position. 

This  system  gives  a  &cility  not  only  in  placing  the  frames,  bat  in  removing  them 
for  the  purpose  of  tamping  a  gallery,  which  is  often  a  difficult  operation,  if  there  be 
much  pressure  of  groimd  on  the  capsUl  in  the  old  system. 

The  disadvantage  of  this  plan  is,  that  the  stanchions  are  not  of  universal  application, 
being  of  difierent  form  ;  the  one  having  two  tenons,  and  the  other  only  one. 

The  groundsill  will  answer  for  the  capsill,  if  both  are  supplied ;  but  if  by  any  want 
of  arrangement  either  should  be  deficient,  a  superabundant  quantity  of  the  other  will 
not  supply  its  phice. 

A  consideration  of  Seijeant-Hajor  Jones's  proposal  led  to  a  simpUfication  of  the 
mine  case,  which  may  be  described  as  follows. 

In  the  first  place,  the  groundsill  and  capeill  are  identical  in  form.  Sach  has  a 
rebate  at  both  ends,  of  the  same  width  as  the  thickness  of  the  stanchions,  and  running 
across  the  whole  width  of  the  plank,  its  depth  being  half  an  inch.  The  stanchions 
are  mere  rectangular  pieces  of  board,  without  any  workmanship  whatever  upon  them, 
excepting  an  auger-hole  through  the  centre  of  each,,  for  the  purpose  of  picketing  them 
to  the  sides  of  the  gallery. 

As  in  the  former  instance,  the  groundsill  is  first  lodged  in  its  position ;  then  one  of 
the  stanchions,  with  its  end  resting  on  the  flat  surfiice  of  the  rebate  ;  afterwards  th^ 
capsill  is  placed  with  the  rebate  at  one  end  resting  upon  the  upper  edge  of  the 
stanchion ;  and  lastly,  the  opposite  stanchion  haa  its  upper  end  placed  in  contact 
with  the  corresponding  rebate  of  the  capsill,  whilst  the  lower  extremity  or  heel  of 
the  stanchion  rests  upon  the  middle  of  the  groundsill,  and  is  gradually  moved  along 
its  surface,  until  it  drops  into  the  rebate  at  its  own  end. 

So  far  as  simplicity  of  construction  and  the  more  general  application  of  its  parts 
are  concerned,  this  case  appears  to  be  an  improvement  upon  that  ofrSexjeant-Major 
Jones  for  galleries  and  branches,  but  it  is  not»  like  his^  applicable  to  shafts. 

With  the  simple  caa«  last  described,  the  excavation  will  be  very  little  more  than 
that  required  for  Serjeant-Major  Jones's  case, — merely  the  extra  half-inch  at  one  side^ 
to  allow  of  the  depth  of  the  rebate  ;  but  practically  this  is  of  no  importance. 

In  the  mining  operations  of  the  year  1847,  at  Chatham,  the  cases  of  all  tkree 
descriptions  were  in  common  use  ;  and  as  there  was  an  abundance  of  each  at  hand, 
with  a  store  suitably  placed  with  reference  to  the  work,  no  inconvenience  or  con- 
fusion arose  from  the  misplacing  of  the  several  parts  employed. 

Any  practical  miner,  capable  of  using  a  saw,  could  make  the  more  simple  case 
without  difficulty  ;  and  it  is  obvious,  that  in  preparing  these  cases  there  is  a  consider- 
able saving  of  time. 

For  preparing  this  case,  the  only  tools  required  are  the  saw  and  the  auger  :  and 
in  the  other,  the  following  addditional  tools  would  be  necessary,  viz.  a  gimlet^  a 
hammer,  a  chisel,  and  a  mallet,  with  nails. 

In  very  loose  soil,  it  is  found  difficult  to  drive  a  gaDery  supported  by  either 
description  of  case  that  has  been  described ;  whereas  there  is  scarcely  any  soil  (but  a 
running  sand)  in  which  the  original  frame  and  planking  of  1812  could  not  be  used. 

In  the  old  system  in  question,  the  planks  were  inserted  over  the  heads  of  the 
capsiUs,  and  behind  the  aides  of  the  stanchions,  and  were  driven  gradually  fbrward  in 
advance  of  the  workmen,  by  means  of  chases  cut  out  with  a  push-pick  ;  false  frames 
being  occasionally  used,  to  support  the  more  advanced  ends  of  the  planks.  I  believe, 
on  the  whole,  that  the  old  plan  was  the  best.  F.  S. 
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olasionB  that  ^th  rad.*  will  in  oommon  soil  giye  the  charge ;  and  that  a  formula  not 
dependent  on  the  depth  shoald  be  naed  for  determining  the  prohahle  horisontal  radii 
of  mptnre ;  for  instance,  add  1500  to  the  charge  in  Ibe.,  and  divide  the  vom  by  90, 
to  get  the  horizontal  radii  of  rupture  in  feet. 


APPENDIX   III. 

Memoir  on  the  Object  of  the  Breaching  Experiment  carried  en  at  Bapawme  in  1847  ; 
and  on  the  present  State  nf  the  Science  of  Military  Mining,* 

1 .  All  experiments  of  breaching  by  mines  should  be  directed  to  two  principal  points  : 
First)  on  the  best  mode  of  attaching  the  miner,  and  of  airiving  in  the  shortest  time 

at  the  proposed  chambers  of  the  mine. 

Secondly,  on  the  position  of  those  chambers,  and  of  the  charge  proper  for  the  mines. 

Mode  of  attaching  the  Miner,  and  of  arriving  in  the  qmdkest  Time  at  the  Chamber, 

2.  Yauban  attached  the  miner  about  2  feet  above  the  bottom  of  the  ditch  ;  he 
regarded  the  operation  as  a  difficult  and  dangerous  one,  and  recommended  that  a  gun 
should  be  brought  into  the  covered-way,  or  to  the  foot  of  the  descent,  and  a  few 
rounds  fired  from  it^  to  indent  the  wall  sufficiently  to  afford  some  cover  to  the  miner, 
when  attached.  He  thought  this  mode  of  affording  cover  to  the  miner  much  prefer- 
able to  placing  planks  for  this  purpose  against  the  escarp,  forming  a  sort  of  lean-to  roof. 

8.  The  same  effect  has  been  attempted  to  be  accomplished  by  firing  wall-pieces 
against  the  escarp,  but  without  success. 

4.  A  bag  of  powder  placed  against  the  wall,  and  covered  with  sand-bags,  has  also 
been  proposed  ;  but  sufficient  experiments  have  not  yet  been  made  to  decide  whether 
this  mode  of  operating,  in  order  to  obtain  cover  for  the  miner  when  attached,  would 
be  always  successful. 

5.  The  Committee  of  Fortification  recommend  that  the  miner  should  pass  under 
the  wall  in  sinking  a  small  shaft  and  driving  a  gallery  under  the  foundation.  This 
suggestion  would  only  be  practicable  in  situations  where  neither  rock  nor  water  would 
impede  the  miner. 

6.  The  Committee  of  Fortification  also  recommend  that  miners  should  be  attached 
to  the  escarp  at  two  points,  separated  by  intervals  of  about  10  feet. 

7.  If  the  ground  is  not  difficult  to  excavate,  it  is  better  only  to  sink  so  deep  as  to 
allow  the  gallery  just  to  pass  under  the  foundation  of  the  escarp ;  the  foundation 
itself  forming  the  top  of  the  gallery. 

Positions  of  the  Chambers  of  the  Mines  and  their  Charge. 

8.  All  Engineers  are  of  opinion,  that  in  order  to  make  a  breach,  it  is  better  to  put 
too  much  powder  than  too  little  ;  at  the  same  time  it  is  desirable  not  to  project  the 
debris  too  far.  It  is  also  necessary  that  the  earth  of  the  rampart  should,  by  the 
effect  of  the  explosion,  be  so  disposed  after  the  fidi  of  the  revetment,  as  to  form  an 
accessible  ramp :  it  is  universally  acknowledged,  that  makmg  a  breach  by  a  mine 
must  not  be  considered  as  a  simple  demolition  of  the  escarp. 

9.  Yauban  retired  the  chamber  of  the  mine  from  the  &ce  of  the  escarp  at  a  distance 

equal  to  one-half  or  one-third  of  its  height,  in  order  to  prevent  the  line  of  least  resis- 

Plate  X          tance  being  vertical.     This  rule  placed  the  chamber  of  the  mines  near  the  tails  of  the 
flg».  1  ftnd  a. _^ 


*  Translated  b}  the  late  Lieat.-Col.  J.  WiUiama,  RE.,  from  an  anpoblidied  Monoir  of  th«  Fk«iie 
Committee  of  Fortification. 
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ooDoterfiirli.  He  oanpnted  the  charge  with  the  line  of  Inst  Teeiituun  mnaontl 
from  the  chkmbar  to  the  faM  of  tbs  mil,  u  for  ordiDur  eutb,  klloTing  ooB-fiftb  to 
oue-thtrd  in  eicen,  to  pretent  the  charge  from  being  too  noaU. 

10.  ConnaDtaigDe  placed  the  chambeTi  of  the  minea  in  tba  lUDe  Tartioal  p1a«  M 
tbe  tail  of  the  coanterforts,  separated  from  each  other  bj  centr&l  interrals  of  3D  feet ; 
each  chftmber  therefore  did  not  neceaaarilj  End  itself  behind  a  coanterfort  ;  hie 
ajxtem  vas  particuUrlj  applicable  to  breaching  a  salient  ;  he  TeriGed  the  rule  laid 
down  bj  Tonban,  vii.  that  the  diatanee  of  the  oharge  from  the  fao*  of  the  reretoMnt 
■honld  be  eqnal  to  abont  one-third  of  the  height  of  the  eaoarp. 


Prwitipla  wpan  wJUcA  At  Ckarga  of  the  Minet  aere  determined  t»  lit  CmtoJAton 

of  the  Samparii  of  Vienna;  par  U  CMfdt  EataiUtHt  CbiudmtMM. 

11.  !1'6S4  Tba.  (SO  lbs.)*  of  povder  are  required  in  a  common  mine  to  TBiBe9*6Scnlic 

yardi  (a  cubic  toiee)  of  moaoDr?.     The  following  table  is  computed  upon  this  datum. 


H.                0.+ 

(6  feet.    SOIbs.) 

(11  feet. 

230) 

m  feet    700) 

7  „       7B 

la  „ 

SOD 

IT    „       880 

8  „       0S 

13  „ 

870 

IS  „     sao 

»   „      185 

1*  >. 

4S6 

19    „    116D 

ID  „     170 

15    „ 

670 

20    „    I3G0 

The  nlame  imimd  b;  the  explorisu  waa  taken  at  y  H>.  The  cisten  wen  laafent 
to  eaeh  other  ;  where  there  was  an  eaearp  gallery,  the  line  of  leoat  nnataaioe  wna  the 
diatanoe  from  this  gallery  t«  the  face  of  the  escarp.  The  number  of  mines  neceMorj 
was  fiiM  delennincd  from  the  oisamption  that  tiiey  were  to  be  separated  bj  two4ined 
hitemls  ;  ttten  one-half  abore  the  char^  computed  in  the  ordinor;  way  wu  added, 
In  onter  to  allow  for  the  powder  being  plaoed  unoonfined  in  (he  gallery,  and  far  the 
tnpinuasion  of  tbe  tamping. 

When  the  quantjt;  of  powder  has  been  ealcolated,  it  should  not  be  spread  orar  the 
Amt  of  the  gallery,  bat  placed  in  heaps  :  more  oertwo  eSects  are  obtained  by  thia 


.u  U...U.  ~  „^..Te  the  complete  destnietion  of  the  e«aarp,  tbe  charge  ebould  be  above 
the  foundations,  at  a  height  at  Icoal  equ&l  to  the  line  of  least  restatance :  thia  Doaitioa 
prereato  the  eipanrion  puwer  of  the  powi' 


cH-iu  lu  -m  ^uc  of  least  rL.....^..^.  _. 
powder  from  acting  UDnecessarily  deep. 
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it  oooasion  pieoei  of  masonry  io  be  projected  to  any  distance.     The  earth  of  the  ram- 
Flate  XIV.    part  disposed  itself,  after  the  fiUl  of  the  wall,  as  in  fig.  14.     The  tamping  formed  of 

wood  had  been  moved  bodily,  and  with  much  yiolenoe,  along  the  gallery. 
PUte  XV.  Sastion  de  Burg^  fig.  20. — The  bastion  was  destroyed  by  placing  the  charges  in 

an  escarp  gallery.  This  gallery  passed  through  the  counterforts :  where  it  became 
narrowed,  between  each  counterfort,  a  chimney  or  flue  led  the  whole  height  of  the 
escarp,  and  communicated  with  the  air.  The  escarp  gallery  extended  abng  the  faces 
and  flanks  of  the  bastion  for  a  distance  of  820  yards  (150  toises).  Bach  mine  required 
to  be  charged  with  1069  lbs.  (990)  of  powder,  and  twenty-fire  mines  were  required  to 
destroy  the  whole  length.  The  charges,  therefore,  amounted  altogether  to  26,722  lbs. 
(24,750),  which,  with  the  addition  of  one-half  to  insure  full  effect^  made  a  total  of 
39,949  lbs.  (37,000). 

But  in  consequence  of  the  great  length  of  the  gallery,  causing  a  corresponding 
augmentation  of  powder,  the  mines  were  only  loaded  with  35,630  lbs.  (33,000). 

The  entrances  into  the  galleries  were  tamped  with  wood  and  earth :  5938  Htm, 
(5500)  were  placed  at  the  salient;  4859  lbs.  (4500)  at  the  left  shoulder,  and  3779  lbs. 
(3500)  at  the  right  shoulder ;  the  charge  at  the  Uitter  point  being  diminished  from 
the  apprehension  of  damaging  the  bridge  which  stood  in  its  yidnity.  Three  inter- 
mediate heaps,  each  amounting  to  2267  lbs.  (2100),  were  placed  between  the  salient 
and  each  shoulder.  In  the  centre  of  the  right  flank,  a  mine  charged  with  2100  lbs. 
was  placed,  and  another  of  2375  lbs.  (2200)  in  the  centre  of  the  left  flank  :  2700  lbs. 
(2500)  were  employed  in  communicating  by  a  train  the  fire  along  the  whole  extent  of 
the  demolition. 

On  the  right  fiice,  the  staves  of  the  powder  barrels  were  broken  on  one  side  when 
placed  in  the  chamber.  The  same  arrangement  was  made  on  the  left  hc»\  the 
barrels  were  staved  on  one  side,  and  the  powder  was  afterwards  placed  in  heaps. 
Notwithstanding  a  proper  arrangement  had  been  made  to  secure  simultaneous  ex- 
plosions, the  mines  on  the  left  face  were  the  first  to  ignite.  The  report  of  the 
explosion  was  heavy,  resembling  that  of  common  mines  in  ordinary  earth  witib  a  line 
of  least  resistance  of  20  feet.  But  few  fragments  of  masonry  were  projected  vertically, 
but  some  of  the  wood  which  had  been  employed  in  tamping  the  chimney  was  thrown 
200  yards  (metres)  from  the  escarp.  The  bastion  was  in  ruins,  with  an  easy  access 
from  the  ditch  into  its  interior,  along  the  whole  extent  of  its  oontour.  The  salient 
angle  was  not,  however,  thrown  completely  down ;  the  angle  of  the  right  shoulder 
also  remained  standing.  On  the  right  face  some  fragments  of  the  counterforts, 
situated  between  the  charges,  presented  inaccessible  portions.  On  the  left  face,  the 
greater  part  of  the  masonry,  after  having  been  pushed  forward  16  metres,  fell,  with 
its  lines  of  fracture  converging  towards  the  charge,  while  the  disposition  of  these 
fissures  on  the  right  fiice  took  an  opposite  direction. 

Curt<Ein  7,  8  (no  figure  given). — The  curtain  had  a  relief  of  47  feet  (14*6  metres). 
Twenty-two  shafts,  25  feet  4  inches  (7 '80  metres)  apart,  were  sunk  in  the  parapet  to 
a  depth  of  35  feet  10  inches  (11*30  metres):  a  small  branch  was  driven  out  from 
their  bottom  till  it  reached  the  masonry,  in  which  the  powder  was  lodged  so  as  to 
have  a  line  of  least  resistance  of  12  feet  8  inches  (3*90  metres).  Bach  mine  was 
loaded  with  287  lbs.  (130  kilo.)  of  powdw.  The  small  branches  were  tamped  with 
turf  and  wood,  the  shaft  with  earth  well  rammed  at  every  3  feet.  No  precaution  was 
taken  to  fire  the  mines  simultaneously  ;  the  demolition  of  the  curtain  was  complete, 
without  a  wide  dispersion  of  fragments,  and  without  report  or  violent  shocks. 

Cavalier  7. — The  walls  were  more  than  20  feet  thick ;  branches  were  driven 
12  feet  into  the  masonry,  measured  from  the  face  of  the  escarp.  Bach  mine  was 
loaded  with  215  lbs.  (200)  of  powder  instead  of  324  lbs.  (300) ;  arrangements  were 
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wttJIt  ^  A*  diipontion  of  tha  hose  to  effect  tbe  ■unnltKwaas  «i[do*ioiii  af  Uw  minm 
n*  *4M  ft  Um  •xploaian  <ru  to  tlimw  down  the  Gue  of  the  nil  Ibr  a  thiekiKn  of 
t  *M,  A*  icinniiilnr  of  tha  muoor;  Kmuning  in  Ua  place.  The  tamping  of  tha 
Wwiliw  «•■  Uovn  ooi.  In  driTing  the  brsnebea  throogh  the  muonir,  tbe  fonno- 
*«i«  *ri«r  adnuiced  qmeker  than  13  fwt  {t  metRs)  in  tventj-fonr  hoan,  with  a 
vmtinit  I*rtJ  of  "«  "uk™. 

U  Aafkl  whieh  did  Ddt  nqoh*  lininK  the  nnking  ]»<igraaBed  at  tbe  nte  of  1  foot 
^■n  «*tn)  per  bonr ;  hnaebea  in  brifk-«ork,  with  a  working  putj  of  foni  minan, 
kl«MM*d  S'3  ftet  [I  metie)  iai\j.  Toy  ragalarty ;  in  itcne-work,  aa  haation  No.  7, 
tU(  nla  wma  Ka»ed  to  1  foot  (0-33  mrtn). 

f^afta  with  lining  wov  jmid  fir  at  the  nte  of  3  (noes  per  mniDg  metn ;  if  not 
fixd,  oae-half  that  frier  waa  paid :  bnncbei  driven  throDgh  maaoniy,  at  8  fraoea 
ftr  mttn  ran.  Ae  aiaer  w*  emfdojed  at  taik-work  was  paid  0-75  franc  itaj; 
mrt*r  0-70  ;  other  aelfitn  0-50  mA. 

n*M  pncca,  howvivT.  Taried  towards  the  eonolnnnn  of  tbe  demolitiona ;  tatk-vork 
«M  fait  tur  at  AamlUt  the  atnre  prioei^  but  it  wai  fbnnd  that  (he  ineresMd  pHoa  did 
Ml  a(«tenM  tW  rngrwrn  of  the  work.  Tbe  tamping  bad  been  completod  in  nine 
k>«i«:  Vat  with  a  atiting  working  partf,  eight  men  were  osnallj  employed  in  tamjuig 
a  Aaft  with  a  caDerr  laadlag  tram  it :  it,  howerer,  only  a  abaft,  the  number  of  nten 
WMnOMVltrtar;  half  w«  aappen  and  half  minera. 

TWmJIKm  ^Ulm  4m  180*.  w»dtr  the  Diredion  oflU  Commandan/  flmHUt 

li     IWm-mut"**'™^**"*''""^'^'*''-  f"2S  kilo.)  of  powder  par  1-808 

«tewi.4  (e.hia».t«),  wa  1-M  Il»-  (0-7fi  hilo,)  for  tbe  aame  yolame  of  earth. 

IW  aWt  Ho,  1,  «g.  I*  "•  »^«  "^  «'?'■*  '""'™  i  "io  chamber  in  half  an  honr  : 

J.  maliiiiT  a  q»artw  of  an  hoar,  tbe  eharBB  being  80  Tba.  (36  kilo.)    Two  plaakt 

Bli,Aeahaft,»<lHt>"'(0'Oen'etn!)tbii:h  formed  tbeorly  tamping.    Theeiplo- 

aia  w«  aHwupwIrf  •"*  '  '"'"'  ""^ '  ""'  i»'"'t«™aiip  tbrown  down  for  a  length  of 

St  fcet  (7  ■«»■)  I  *^»  ^'^"^  '"""  *''*  ''"'^  *"  tbrown  more  than  28  feet  (8  metrea). 

SkafclfctS.'l'l*'"''''''^''*^*^'"''"^  in  rear  of  tbe  ma»nr,,  w  a  line  of 

iMl  NMlaae*  ^  •''  **'  '^'^^  ""'™'  ■  ""^  '""^  ""  "'"il"  to  that  of  abaft 

H.  7  •  Oa  «■•■■  •"  *«"«'  0"  ">«  anr&«s  of  tbe  ground,  crackinR  however  Uie 

'  ;rou.,d  :  SO  It,*.  (3P 
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Shaft  No.  7  was  16  feet  (5  metres)  deep,  and  placed  6*5  feet  (2  metrea)  from  the 
interior  face  of  the  revetment :  the  charge  was  343  lbs.  (128  kilo.),  disposed  as  in  the 
preoediDg  experiment.  The  wall  was  overthrown  for  an  extent  of  45  feet  (14  metres), 
forming  a  practicable  breach  for  the  distance  of  30  feet  (9  metres)  on  one  side  of  tiie 
former  breach,  and  16  feet  (5  metres)  on  the  other.  The  mine  was  surcharged 
towards  the  masonry. 

13.     At  the  periodical  inspection  ai  Montpellier,  in  1833,  M,  le  Qeneral  ValcuS 
directed  a  counterscarp  to  be  overthrown,  with  a  view  of  obtaining  cover,  amidst  the 
debris,  to  cross  the  ditch,  and  gain  the  breach.     This  project  was  not  considered  a 
very  advantageous  one ;  but  it  will  be  examined  here,  in  consequence  of  its  bearing 
«  Xir.  with  mining  oi)erations.    The  counterscarp  (see  fig.  10)  was  21  feet  (6*4  metres)  high, 

6*6  feet  (2  metres)  thick  at  the  base,  composed  of  bad  masonry ;  a  shaft  was  sunk 
16*3  feet  (5  metres)  deep,  and  the  chamber  of  the  mine  placed  in  a  small  return 
8*4  feet  (2*60  metres)  from  the  face  of  the  wall.  The  charge  was  875  lbs.  (170  kilo.), 
that  is  to  say,  an  ordinary  charge,  computed  for  a  line  of  least  resistance  of  16*3  feet 
(5  metres) ;  but  admitting  that  masonry  is  double  the  weight  of  ordinary  earth,  this 
charge  is  a  surcharged  one  on  the  side  of  the  masonry.  The  explosion  produced  a 
crater  16*3  feet  (5  metres)  in  radius  in  the  covered  way,  and  one  of  23  feet  (7  metrea) 
on  the  side  of  the  masonry.  To  form  a  crater  of  23  feet  (7  metres)  radius  in 
common  earth,  with  a  base  of  least  resistance  of  8*4  feet  (2*60  metres),  would  have 

7 
given  n  =  ^^  —  2*68  (8*4  feet) :  the  side  of  the  powder-box  would  therefore  have 

formula  6,      been     B  =  -^,  (1*05  -  0*05  n)'=  ^  (1*05  -  0*05  x  2*68)  =  0*82  (0*916)  =  0*745 
c  422.  8 '5  8*6 

metre  (2*43  feet),  corresponding  to  827  lbs.  (375  kilo.),  which  is  more  than  double 
the  charge  of  375  lbs.  (170  kilo.)  employed  in  making  the  crater  in  vertical  masonry. 
This  experiment  points  out  two  iacts  equally  impoiiant  to  note :  1st,  That  for 
vertical  masonry  to  produce  a  given  crater,  requires  only  half  of  the  charge  required 
for  producing  the  same  crater  in  common  earth.  2nd,  That  notwithstanding  the 
fikcility  with  which  the  masonry  has  given  place  in  a  vertical  direction  to  the  explosion 
of  the  mine,  the  crater  in  the  covered-way  has  preserved  the  same  diameter  as  it 
would  have  done  had  it  been  exploded  under  common  earth. 
iaXII.  14.     Among  the  experiments  made  at  Metz,  in  1884,  a  counterscarp  was  over- 

9,22  nn  23.  ^|,yQ,|^  |jy  ^^q  mines.     The  mines  were  placed  in  the  earth ;  the  line  of  least  re- 
sistance was  7 '8  feet  (2*40  metres)  in  the  direction  of  the  masonry,  and  13*2  feet 
(3*06  metres)  to  the  surface  of  the  ground.     The  charge,  in  earth,  for  a  line  of  least 
resistance  of  7*8  feet  (2*40  metres)  is  53*6  lbs.  (20  kilo.) :  the  actual  charge  used  in 
e XV.  this  experiment  was  132  lbs.  (60  kilo.);  first,  to  allow  for  the  masonry,  the  co- 

efficient of  which  was  taken  at  2  ;  and  because  the  charge,  computed  as  above,  for 
earth,  was  considered  as  small.  The  radius  of  the  crater  wss  nearly  13  ifeet 
(4  metres),  corresponding  to  a  charge  of  222  lbs.  (83  kilo.)  in  common  earth :  the 
vertical  masonry  had  not  resisted  more  than  earth  ;  but,  on  the  other  hand,  must  be 
remarked  the  wide  interval  of  the  mines,  47  feet  (14*5  metres),  and  the  adhesion  of 
the  masonry  within  itself,  shewing  that  if  the  craters  had  overlapped,  so  as  to  have 
made  n  =  3  at  a  minimum,  then  the  charge  for  common  earth  would  have  been 
122  lbs.  (55*7  kilo.)  in  place  of  132  lbs.  (60  kUo.) 
e  XI.  15.  At  the  siege  of  Antwerp,  in  1832,  the  escarp  of  the  lunette  St.  Laurent  was 

sando.  fonnd  to  have  the  fulluwing  construction.  It  was  built  'en  d6charge,'  the  arches 
having  a  span  of  8  feet  (2  '50  metres),  resting  on  counterforts  8  feet  (1  metre)  broad, 
and  14  feet  (3*40  metres)  long.  The  mines  were  separated  by  intervals  of  19*8  feet 
(6  metres) ;  the  two  extreme  ones  were  placed  immediately  behind  the  counterforts, 
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the  lDl«nn«d!tte  one  » little  in  rMr  of  tfais  aligninent.  Tbe  ehuge  frliieb,  oomimted 
br  TaubMi'i  role,  wooU  bare  been  |62-30  kilo.  +  ^  (eS'SO)  »  M  kilo.)  2161bs., 
or  oompateil  b;  tbe  fonnola  deduced  from  the  eiporimente  made  M  HaU  in  1884, 
vonld  hftTB  been  37CIbt.  (140  kilo.),  wu  incnued  to  llOSItw.  (GOO  kUo.)  par 
mine,  from  an  amuaption  tha(  the  reTctment,  being  rtreagtfaened  with  c«Diiler- 
arches,  vonld  offer  greater  repistance.  The  remit  was  econooDi,  althoogh  the 
intermediate  mine  did  not  explode  for  len  minatea  after  Ihs  othen.  A  bmch  wm 
made  on  the  tvo  faoea  of  the  lunette,  and  the  bridge  of  bscinee  utoh  the  ditoh 
partlj  destroyed.  Colnnel  yuillant,  hoTcrer,  cncoeeded  in  reetorioK  the  bridge  and 
croimiiig  the  breach.  A  Dutch  Kiitinol  posted  on  the  teireplein  abore  did  not  knoir 
that  a  breach  had  been  mad«,  sod  did  not  leare  the  salient  of  tbe  laaett«. 

16.  In  the  etperimente  at  Metz,  in  18S4,  an  attsA  bj  mines  wet  oada  on  four 
eonnterfbrta ;  the  charges  of  the  extreme  mines  trere  placed  in  the  oonnterforta  them- 
Belrefl,  and  amounted  to  463 lbs.  (210  kilo.);  the  intervening  mines  vere  placed  at 
tbe  roots  of  the  eonntedbrts,  and  loaded  vith  200  Ibt.  (BO  kilo.);  a  mine  charged 
iritb220lbe.  (100  kilo.)  waaklso  placed  in  rear  ;  the  eo-effident  of  masom?  was  taken 
at  S,  and  in  order  cot  to  diipeise  the  splinters  too  videl;,  ]thB  oalf  vers  taken  :  the 
charge  was  therefore  1  of  SC,  or  j  0  =  210  kUo.  (46SnM.),  the  half  more  than  the 
charge  for  common  earth.  The  explosion  made  a  pracUeaUe  breach,  eas;  of  asesM  ; 
tee  extent  of  vail  breached  was  08  feet  (SO  metres)  in  place  of  66  feet  (30  metrt*) ; 
the  ladioi  of  the  crater  of  tbe  extreme  mioet  was  IS'8  feet  (6  metres),  vith  a  line  of 
least  resistance  of  Ifi  feet  (4-50  metres). 

17.  From  an  euunination  of  the  general  abstract  of  the  experiments  made  at  Meti 
in  1834,  disvn  up  bj  Uie  Commandant  Balmsa  in  1 S37,  he  conclndes  that  in  eretj 
ease  the  mines  on^t  to  have  been  placed  behind  a  counterfort. 

1 8.  Qenetal  OtoUeman,  at  the  cooclnsion  of  a  memoir  on  (he  demolition  of  eona- 
trnwaips,  sa;i,  "  I  bate  rmnarked  besides,  in  a  namber  of  demolitioBs  made  by  mines 
plaoed  in  the  earth  behind  reretments,  that  if  there  vsa  a  depth  of  nrth  abore  the 
tftfrge  eqnol  to  the  line  of  resistanoe  on  the  side  of  the  ditch,  the  demolition  rarely 
&iled ;  althon^  tbe  qiedfie  gravity  and  tensdty  of  the  masonry  and  the  earth, 
measured  in  the  direcUon  of  the  line  of  least  retistanoe,  differed  so  matsriolly." 

19.  The  rules  eJTcn  by  Pnctical  HineTB  being  very  discordant,  it  is  deaiiable  to 
inqBir«^  by  a  oompaiiion  of  theae  rales  vith  tbe  resnlta  of  experience,  hov  far  thsy 
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splinters  perhape  projected  a  little  too  far ;  but  it  ia  alao  obyioos  that  the  breach  had 

not  that  form  which  theory  assigned  to  it. 

To  explain  the  question  more  fully,  let  it  be  determined  how  a  mine  in  ordinary 

level  ground  onght  to  be  charged,  to  obtain  a  crater  whose  radios  T  will  be  19*7  feet 

T 
formuU,        (6  metres).    We  should  have  B  =  —  (1  -06  —  0*05  n)  =  0*705  x  0*92  =  0*65  metres 
graph  3a.  8-5 

(2*18  feet),  corresponding  to  551968.  (250  kilo.)  of  powder.  From  this  it  will  be 
observed  that  a  crater  of  19*7  feet  (6  metres)  radios,  which  woold  have  been  prodooed 
in  common  ground,  has  been  made  in  a  vertical  wall  with  468  lbs.  (210  kilo.)  only  ; 
that  is  to  say,  with  a  charge  less  than  that  necessary  for  common  earth,  if  the  mine 
had  been  placed  in  a  horizontal  plane,  and  equal  to  that  charge  multiplied  by  a  co* 
efficient  0*84,  or  to  a  charge  whose  side  B  of  the  powder-box  woold  be  moltipUed 
by  0-91. 

22.  It  results  therefore  dearly,  from  a  comparison  of  these  fiicts,  that  the  chavges 
regulated  as  in  common  earth  are  quite  sufficient  to  make  a  breach  in  vertical  walls. 
Vauban  and  Cormontaigne  maintained  that  they  were  so  ;  and  it  remains  to  be  seen 
if  the  charge  so  computed  be  not  a  little  in  excess,  as  also  whether  there  is  no  danger 
of  the  crater  being  made  on  the  surfftoe,  as  all  miners  have  feared  it  mi^t  be,  even 
when  in  this  direction  there  was  a  line  of  least  resistance  greater  than  that  towards 
the  masonry,  conformably  with  the  remark  of  General  Guilleman,  par.  18. 

23.  Once  admitted  that  the  distance  to  the  terreplein  may  be  less  than  twice  the 
line  of  least  resistance,  it  will  be  concluded  readily  that  it  is  advantageous,  for  the 
more  complete  boulevenemerU  of  the  masonry  into  the  ditch,  and  for  overcoming 
the  tenacity  of  the  earth,  to  raise  the  mine  as  high  as  practicable ;  that  is  to  say, 
to  begin  the  branch  1*8  foot  (0*60  metre)  or  2  feet  (0*80  metre),  or  even  3  feet 
(1  metre)  above  the  bottom  of  the  ditch,  and  to  incline  the  sole  of  the  gallery  upwards. 

24.  The  powder  ought  not  to  be  lodged  in  the  masonry  near  the  face  of  the  wall, 
as  is  sometimes  done  in  considering  the  operation  simply  one  of  demolition,  because 
the  advantage  of  shaking  and  looeening  the  earth  ought  not  to  be  lost  sight  of. 
Besides,  the  importance  of  celerity  in  mining  operations  renders  the  cutting  out  of  the 
masonry  chamber  for  the  powder-box  an  objectionable  operation.  The  possibility  of 
finding  a  portion  of  the  counterforts  standing  after  the  explosion  hae  generally  been  the 
cause  of  their  being  selected,  in  mining  ox)erations,  as  the  points  of  attack.  The 
position  of  the  mines  behind  them  satisfies  to  a  sufficient  degree  the  condition  of 
having  on  the  side  of  the  terreplein  a  line  of  least  resistance  double  that  on  the  side  of 
the  masonry.  It  appears,  then,  proper  to  place  the  mines  at  the  tail  of  the  counter- 
fort, and  to  allot  one  mine  to  each. 

25.  A  breach  65  feet  (20  metres)  broad  will,  in  general,  be  easily  made  in  attacking 
three  counterforts,  and  if  the  craters  overlap  much,  the  charge  of  the  intermediate 
mine  may  be  reduced.  This  reduction  should,  however,  be  a  moderate  one,  provided 
the  mine  in  rear  is  suppressed,  which  mine  seems  to  have  produced  a  bad  effect  in 
the  experiment  at  Metz,  prolonging  the  time  necessary  for  preparing  the  mine,  with 
the  defect  that  the  best  position  of  the  mine  has  never  been  accurately  determined. 

26.  It  has  been  seen  that  miners  at  present  charge  their  mines  to  throw  down 
masonry  in  higher  proportions  than  to  raise  common  earth  :  it  is  shewn  that  Vauban 
gives  an  equal  charge  for  both  cases,  under  the  condition  of  having  on  the  side  of  the 
earth  a  line  of  least  resistance  double  that  on  the  side  of  masonry  ;  and  by  Colonel 
Cassieres,  Director  at  Arras,  that  the  position  of  the  line  of  least  resistance  should  not 
be  lost  sight  of.  Paragraph  18  cites  the  opinion  of  (General  GKiilleman,  that  a  line  of 
least  resistance  on  the  side  of  the  earth,  equal  to  that  on  th  e  side  of  the  masoniy, 
is  suffidcnt  to  insure  the  fall  of  the  revetment.     The  experiments  made  at  Heta  in 
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18S1  lead  to  the  nms  sonclniion ;  ud  paraenph  IS  BbswatlitttlteexparimenliiDkde 
at  Montpellisr  io  I8SS  coDfirm  thou  executed  at  Meti. 

When  ■  brcMb  ia  made  ia  an  «Beaip,  the  miDe  is  Tunallj  placed  in  aneh  a  pMition 
as  to  BaUaT;  the  rule  of  Vanbai),  vii. ,  of  hav iog  dd  the  aide  of  the  earth  a  line  of  lout 
roistaDce  donblo  of  that  on  the  aide  of  masoary  ;  hut  thii  rule  no  longer  holdi  irhan 
it  ta  a  qneitiaD  to  throT  down  a  counterBcarp, — an  operation  the  Bogineer  ia  mora 
likel;  to  be  called  upon  to  perform  than  tbe  former,  on  account  of  the  perftetioii  with 
which  breadics  are  made  bj  artilloTT.  The  pouUon  of  the  obaige  of  a  mine  is 
lelation  to  the  maaonrj  and  to  the  earth  ia,  then,  the  most  important  salyeet  of  tlie 
experiment,  and  with  which  it  is  necessar;  to  eonuDetice,  dnco  the  charge  and  the 
diapoeitian  of  the  mine  depend  upon  the  result. 

27.  It  appean,  from  the  Beport  of  the  School  of  Hontpellier  in  1837,  that  soma 
experiments  had  been  inatitotad  at  lleti  and  at  Arras  in  1  SSI ,  on  the  power*  of 
lesistance  of  masonry  galleries.  They  were  exposed  to  the  effects  of  the  eiplomon  of 
m  Jba.  (200  kilo  )  placed  at  the  bottom  of  a  shall  hastily  sunk  without  bnnf  lined 
with  flames,  and  not  tamped,  bat  having  a  line  of  least  reaiitanee  of  13*2  feet 
<4  '10  metres).  The  chargo  had  been  doubled,  to  allow  for  no  tamping  being  applied. 
Prom  the  results  obtained  the  fullowiog  conelosians  are  drawn  : 

,  1.  That  a  gallery  conttraetcd  in  masoniy 

resists  a  mine  placed  aboTo  it  or  on  its  flank  at 
a  distance  from  it  equal  to  j  A,  and  is  Tuptvred 
UJI  {«,,..) 

2.  That  a  branch  with  naaonty  of  the  sam* 
thieknesa  resists  f  A  on  the  side,  bat  gives  a 
little  more  reeistanee  abore  the  extrados  (dia- 

The  experiments  made  at  the  School  of  Mont- 
pellier  in  1837  were  intended  to  prove  if  a  branch 
can  resist  tlie  explosion  of  a  mine  placed  above  it  at 
a  distance  j  A. 
DisiTUB  t.  ^<  branch  was  disposed  as  shewn  in  Uie  annexed 

aiftglUm    d.     Th«   dialnnce  of  lie  n 
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tLa  euth  of  tha  nunpwt,  uid  enn  tba  puspet,  atuidiiig  reitinL  I  barawuInTonTed, 
hoTerer,  bj  theu  eiplodoni  to  prodnoe  s  greftter  effect. 

"In  pla««  of  amplojiag  imall  ehaigei,  I  luTa  used  Urgs  onea,  hkring  n=3  plaood 
at  Uu  tails  of  tliB  ooasterforta  (Sg.  2i,  PUt«  XV.).  In  durgiug  tha  miow  at  tlis 
nliant,  19-43  (18  Tbt.)  mn  alloved  for  each  0684  cnbio  jarda  (taiH  cnbe),  for  ths 
fitCM  17*27  {IS  Iba.)  par  toiie  were  allowed,  becaoM  the  ground  wu  of  oidinacj  ooa- 
Butcnce.  Tha  Tolume  of  a  common  mine,  with  a  line  of  leaat  renstanca  of  22  ttot 
1  inohea  (21  feet  French),  a  78i  onbio  jarda  (SI  enbio  toiaea),  which  at  18-13  Iba, 
(13  Iba.  Fi«ndi)  per  toiN,  will  reqaire  a  ehaige  of  1G78  HM.  (1402  Ita.  French)  for 
tha  latient,  and  1404  Iba.  (1300  Iba.  French)  for  tha  faoaa :  let  tluaa  ehargea  be 
angmeated,  not  in  tha  ratio  of  tha  oubaa  of  tha  radii  of  rapture,  aa  Belidor  haa 
propcaad,  but  in  that  of  the  radii  of  tha  erat«r,  which <iriUincraasetheabaT«eonpnt«d 
«h^g«a  ta  S15S  Iba.  (2924  Iba.  Freneh)  and  2808  Iba.  (2S0O  tbc.  French). 

' '  The  tamping  waa  made  in  brick  and  in  turf ;  the  minea  b  and  if  were  oumpletel; 
lamped,  bnt  tha  interior  minea  and  that  td  the  aalient  warenot  0DmpletelT>i),aaFMa 
bung  left  aboat  the  charge.     (Sea  Plata  XT.  fig.  24,  and  tha  following  diagram  df. 
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».  " Tlw  wwafaallw  rftto  Iwtfc**  Arwis— 1^   Aat  lb*  iwt  tf  Ika  h« ft* 

.lm»fM>«l  t^  tiM  MiM  e,  >Udi  Wl  •  ■!*»  kft  rani  A*  efcsn  wb  Ib^b'  t^ 
tlniMwrltoMnt  fcrllM  MiM  d;  wUek  b^  ban  uaptrtdrtMpnL     bfi^,  Tte 

llifi  rifi'  nU^ -'--'■-' -ft'-  -'—- •'■--r— ■-* j.i..-.— ^-..-j...  .  -  |,|„,| 

hlf)  >rt»rUrrMra  Dm  mfarji  92  tat  nuvr*  thtn  Ibe  Bine  u  tlw  nek  <rf  tka    I     I  hi. 

wW*  Ui*  tomv<"g  had  btts  (ntopltrMd.  drdlf.  That  tlie  mke  /,  <a  tka  i^kt  ^» 
hAtlfif  a  irwUr  ipaM  Wft  rtnod  tlw  AtT%»  than  Um  mine  e  ob  tka  left  bo,  k^  ^ 

Afm'iOahwl  ainaUr  Unith  of  M«rp.  Br  UuTablsalnadjgireii,  itaakoHMifait, 
— ')«i,  That  ih«  total  iittet  ftrniiaetd  bj  tbemiiw  e  od  ths  left  be(^  vhich  bail  ■  iimm 
HnlMniNNl  In  ttw  tUia\ij  uf  tba  charge,  wa*  gTMt«r  thu  that  pmdMBi  Vj  lh« 
MlilnitKN  «f  tha  ntn*  at  tlii  anula  of  tha  ■honlder,  ohaigad  with  a  gnatar  ipaalitj  «f 
fimriltrMMt  of  »  Utter  qaalllf.  Sadlf,  That  theeBbetof  themioe /,  on  lU  li^ 
fww,  In  KrMMr  than  that  of  ths  tnlM  <J  of  Uie  laft  faoa,  which  tmd  no  ^laee  left  nod 
It*  nliafi'.  tnl  amallar  than  that  prodnMd  b;  tfaa  mins  c  of  tha  nmo  bo^  lAid  bad 
a  low  almlUr  ■pas*  loft.  Snlljr,  Tb*i  tha  mioa  at  tha  Bankad  angle  haa  prodM^l  «■ 
pfhat  KrMter  than  an;  of  tha  otban. 

10.  "  It  1*  iilaar,  Uiun,  that  tlio  ipooe  tofV  arooad  lbs  chvgc  ii  to  ■  certain  point 
Ml*aiit«|*<iui,  Iwjiiuil  whlob  point  U  lUmloiibai  ths  ozplaeiTe  efTectj  but  it  has 
alwafa  Ui«  atliautAga  uf  dlnNtlng  tba  grMtwt  affaot  of  tha  mine  in  the  reqniiad 
illm'tlon. 

•'  li  bm  Wan  ohNrm)  In  tba  oxparlaianti  which  bava  been  made  known,  that  in  all 
MiIhH  «h«T*  aiiaoni  at  toJila  hnva  bavn  laft  aruund  ths  chaigea,  lerj  little  imake  bu 
Wn  ulwirtvil  lUWr  tl>«*X|>t««k«  t  th«  ouDtnrjr  gananUf  takes  place  in  the  eiplcsiona 
«ll»r«  no  Kioto*  kM  tuMD  Ivft.  Th*  Nat>k>  la  niiied  alio  with  mnch  aame,  which  ia 
|h«><wH  I'Mt  t"  «  iltalan'*  >•!  *3  |»nla  (JO  toiaw).  Thi»  fact  evidentlj  prorcB  that 
Ih  IwvIh*  tin  *^><*  »'«IhI  tk*  t<)>wsv  ta  aavm  whi^  an  a  little  mrcbaiged,  a  part  of 
ttt*  lent**  (■  Mot  l«Ktl*4  UU  alWr  tk*  «xt<tu*ioB,  or,  at  leait,  till  alter  a  great  motion 
tHM  t«VM  fiW*  (M«  tlw  mmWOk*  wf  )«tt  of  the  powder,  which  moat  aeooMiil; 
^iA>sW'  •  >«wW*»wJ  •**•  (W«  Ik*  •jqA'aiun  *f  tbt  whole. 

mt.  "  tt  kw  «W  »••*  i-*»»«-nnl  lial  mira  placed  in  obtnae  an^  bare 
^^*M  *  ***»*»*  »4M  t»««i  «*«•  plaeed  behind  a  atraight  MTetmart,  and  that 
y^Vf*  ^*W*A  Wi  •*'»**  «*»*»•  P>>*1«*  trtater  Jemolition  than  when  placed  in  oblaie 
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Diagram  e. 


OOirOLUSION. 

82.  ''After  what  has  inreoeded,  and,  above  all,  after  projects  of  demolitioii  bare 
been  made  under  circnmstances  wbere  walls  of  every  variety  of  thickness  and  qnality 
of  masonry  could  be  commanded,  it  may  be  enunciated  as  certain, — 

1.  Tbat  tbe  maximum  effect  takes  place  when  the  space  occupied  by  the 
powder  is  to  the  volume  of  space  left  around  the  charge  in  the  ratio  of  1  to  10, 
assuming  that  1  lb.  occupies  27  cubic  inches. 

2.  That  the  effect  of  a  mine  is  more  powerful  in  the  direction  in  which  the 
space  is  left  than  in  any  other,  provided  the  ratio  alluded  to  be  not  exceeded. 

3.  That  with  the  same  quantity  of  powder,  placed  under  nmilar  conditions,  to 
destroy  a  straight  wall,  a  salient,  or  a  re-entering  augle,  the  angles  of  demolition 
whose  vertices  are  in  the  centre  of  the  charge,  and  the 
sides  tangent  to  the.  excavation,  are  in  the  relation  of 
a;  a  +  90  ;  a  —  00  ;  so  that  the  maximum  effect  is  in 
a  salient  angle,  and  the  minimum  in  a  re-entering  angle  ; 
and  by  taking  advantage  of  this  principle,  a  tower  has 
been  breached  without  ruining  a  casemate  which  was 
within.  If  the  charge  had  been  placed  at  b,  the  casemate 
would  have  been  destroyed ;  by  placing  it  at  a  two  feet 
from  the  angle,  it  was  preserved,  although  the  line  of  least  resistance  a  d  had  a 
length  of  11  fbet. 

"  That  it  is  necessary  always  to  place  the  mines  above  the  bottom  of  the  ditch,  or 
otherwise,  if  it  be  placed  below  that  level,  to  remove  the  earth  from  the  point  of  the 
foundation ;  that  is  to  say,  to  dig  a  ditch  in  the  ditch. 

''  Also,  that  if  it  be  proposed  to  destroy  two  galleries,  a  h  and  a  c,  after  driving  the 
gallery  d  e  for  the  necessary  length,  two  small  returns  ef 
and  e  g  should  be  added,  which  would  be  left  empty,  the 
charge  being  placed  at  e. 

*'It  appears,  also,  from  experiment,  that  the  less  the 
tenacity  and  density  of  the  soil,  the  greater  should  be  the 
space  left  round  the  charge. 

"Powder  has  been  frequently  employed  in  loose  heaps, 
unconfined  in  boxes  or  chambers,  particularly  for  the  de- 
struction of  bridges,  by  placing  a  quantity  along  the  summit 
of  the  extrados  of  the  arch  ;  but  the  Chief  of  Battalion  of 
Engineers,  Breuille,  an  Officer  distinguished  for  his  know- 
ledge of  mining,  states,  that  by  placing  the  chai^  under 
the  arch,  the  demolition  will  be  more  complete :  he  pro- 
poses simply  to  place  the  powder  in  a  small  case  and  sus- 
pend it  from  above,  the  case  being  brought  dose  to  the 
soffit  of  the  arch." 

He  states  also,  that  150  lb.  of  powder,  placed  against  a  wall,  destroyed  25  feet  of  it. 
The  thickness  is  not  given. 


Diagram/. 


crpd 


Formula  far  the  Charts  of  Mines, 

33.  K  h  represent  the  line  of  least  resistance  of  a  mine ;  f,  the  radius  of  its  crater  ; 
r,  its  radius  of  explosion ;  d,  its  horizontal  radius  of  rupture ;  and  d\  its  vertical 


radius  of  rupture ;  let  —  =s  n.    The  mine  is  called  an  ordinary  or  common  mine 

h 
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whan  t=3Aar»  =  l.     It  it  laid  (a  bo  iiiicharged  when  ( ii  gKstei  tkui  A,  or  »  i> 
gittten  tlkui  1 ;  kud  undercharged  when  t  ii  Isu  th&n  A,  or  »  is  lea  tiam  1. 

Comnton  Mine*. — L«t  e  Mpnaent  ths  cbuge  in  Bit.  of  an  orduurj  luins,  the  pow- 
der luTing  a  deniitf  of  O'Bl,  pUced  in  grooad  of  arenge  denait;  uid  tenacitj,  that 

_,  a,  requiring  about  1337  lbs. 

Duemag.  .       .         -  ,- 

of   powd.r  ta  mae   a   enbis 

jord  j  C  the  charge  of  a  bqt- 

ehvged  mine ;  and  e,  that  of 

an  oodercharged  mine  :  alw, 

let    b,   b',   b,    repreeent   the 

aides  of  a  cabical  box  capable 

of    oantaining    (he     ohargca 

e,  c',  r, ;  then  there  wIU  result 

e  =  iae7-5ft'x  081:  repre- 

■entjng  bf   the   email  letten 

the  eletnente  of  one  ^ml<^  and 

bj  large  letten   those  which 

belong  to  a  Mcoad,  — eqaationi  or  proportionB  are  oljtained  as  follows  : 

e   _h'        ^   _<t. 

(2).      c  ~  H>  ~  T"  '^  a'- 

Fetfaiming  the  same  operation  in  tlie  different  formal^  rcnistalated  at  page  T5  of 
the  ■  Manoal  for  Practical  Miaera,'  two  aeriea  of  formiils,  as  giTen  below,  will  be 
ohtuned,  of  which  (he  first  is  that  of  the  miner  in  terms  of  c  and  A' ;  tfa«  eeoond  aon- 
tains  enl;  simple  terms  of  &  and  A. 


=  I.     (3).  CI  =  V  A'  1-337  =  2-*0l  /•'.     (3')  6  =  ^^ 

Snreharged  from  |  (gj    o'=9'*Bl  T^(l■06-l■06n)'(6^A'=■g:J5<l•0fi-0■05  »). 
(fl).  C'  =  2-451  "P. <a')  6'  = 
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Table  ahetoing  the  Charges  in  Soil  of  different  Natures  compared  with  ordinary 
Earthy  or  the  Co-^ffieient  of  q  ;  as  also  the  corresponding  Dimensions  of  the 
Powder-box,  or  the  Co-^eient  of  b. 


NATUSE     0?  SOIL. 


Argillaceous  soil  mixed  with  sand  or  gravel,  1 
called  in  French,  ordinary  earth    ...  J 

Common  earth  (terre  commune)    .... 

Sand 

Damp  or  wet  sand 

Earth  mixed  with  small  stones     .... 

Clay  mixed  with  loam 

Argillaceous  earth  mixed  with  flints  .     .     . 

Rock 

New  or  old  masonry  in  a  damp  condition,  not  1 
cemented  by  hydraulic  lime J 

Common  masonry 

Very  good  new  masonry 

Masonry  in  Roman  cement 

Good  masonry,  when  disposed  vertically,  as  1 
in  revetments J 


Density. 

Co-efficient 
ofc. 

Co-efficient 
of  6. 

1-88 

1-00 

1000 

1-37 

1-12 

1038 

179 

1-25 

1-079 

1-91 

1-31 

1-092 

1-92 

1-41 

1-120 

2-01 

1-65 

1-157 

2-31 

1-69 

1-190 

2-31 

2-25- 

1-310 

2-81 

1-30 

1-090 

2-31 

1-66 

1-188 

2-81 

2-25 

1-310 

2-81 

2-90 

1-425 

2-31 

0-88 

0-910 

The  formula  7,  12  :  all  the  formulee  in  terms  of  ^  are  taken  from  an  unpublished 
Memoir,  which,  however,  has  received  the  approval  of  the  Committee  of  Fortification. 
They  tend  much  to  simplify  the  calculations  for  the  charges  of  mines  fired  under 
various  conditions  of  media.  In  the  same  memoir  the  two  following  theorems  are 
enunciated,  viz. 

1.  For  the  same  charge,  the  common  mine  is  that  the  volume  of  which  is  a 
maximum. 

2.  For  the  same  charge,  the  surcharged  mine,  in  which  n  =  2,  is  that  which 
produces  the  greatest  surface  effect. 

Note, — In  giving  this  Memoir  of  a  Committee  of  Engineer  Officers  in  the  French 
Service,  and  the  rules  laid  down  and  formulaB  adopted,  it  is  not  intended  that  they 
should  supersede  the  valuable  information  collected  under  the  article  'Demolition*  in 
this  work,  and  more  particularly  in  Table  VI.  of  that  article. — Editors, 

APPENDIX    IV. — VENTILATION    OP   MINES.* 

Great  attention  must  be  paid  to  ventilation  in  driving  extensive  galleries,  as  the 
gas  generated  by  explosions  of  gunpowder,  or  contained  in  the  soil,  ooUecting,  parti- 
cularly in  ascending  and  descending  portions,  has  sometimes  suffocated  the  miner 
before  the  extinction  of  his  light  has  warned  him  of  its  presence ;  and  even  under 
ordinary  circumstances,  the  air  becomes  so  much  vitiated  by  the  presence  of  the 
workmen  alone,  that  a  small  gallery  cannot  be  safely  driven  more  than  about  60  feet 
without  a  ventilating  apparatus  :  apertures  should  therefore  be  bored  up  to  the  surface 
of  the  ground,  at  intervals  beyond  that  distance  from  the  entrance,  taking  care  to 
conceal  their  position  from  the  enemy,  if  possible  ;  and  communications  may  be  made 
with  adjacent  galleries  to  create  a  draught. 

Mechanical  means  are  also  required  for  producing  a  circulation  of  air,  so  as  to  sub- 
stitute  fresh  air  for  that  which  is  impure  :  for  this  purpose  tubes  are  fixed,  through 
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wliieli  &eah  air  nMj  be  foned  in,  or  bad  air  sztiMted ;  bnt  u  there  maj  b«  a  krga 
qouititr  of  noiioqi  gai  in  the  Knl,  reftdj  to  enpplr  the  plaea  of  thai  «ctnet«d,  Uia 
■jitem  al  forcing  m  fresh  air  haa  generallT  been  preferred  in  iniliUr;  minlDg. 

He  tnbee  need  tor  Tentilation  haye  been  constmeted  of  iron,  bnt  gntta-perdui  or 
rnlcuuied  iodut-rabber  vonld  probeibl;  form  better  materials  for  Uieia. 

A  ^lindiii^  bellawa  haa  been  lued  far  forcing  in  Uu  air,  but  Uiig  bw  proTed  in- 
efficient ;  and  u  the  Prench  and  Qsimona  ou  fuming  macliinee  for  that  pnrpoae,  it 
ia  probable  that  the?  may  be  employed  with  adT»ntflge  for  Tentilating  eztandve 
galleriea  :  therefore  a  sketch  of  one  late);  made  bj  Sergeant  Lewis,  Boyal  Sappen  and 
Uineis,  is  here  giTcn  (figs.  1  and  2),  with  some  modifieations  required  t«  lender  it 


Pig.  1. 


Fig  2. 


Loafitn^iul  Seellan  [Kile  1  fMt  to  an  inch). 


efficient.  The  pipe  for  cooTejing  the  axt  &om  a  ahonld  be  at  least  6  inebei  in  diameter, 
and  ahonld  be  attached  to  the  top  of  the  gallerr,  and  tlw  box  in  which  the  bna  lerolrc 
ma^  1»  made  of  wood  or  ibeet  iron  j  it  Ikaa  only  two  fun,  formed  b;  a  nngle  board 
e  e,  exjierienee  luring  proved  that  a  greater  number  do  not  increase  the  povei :  (bo 

axle  to  which  it  is  attached  is  tamed  bj  a  etrap  (shown  b;  dotted  tinea)  passing  round 
the  tire  of  the  wheel  d,  the  axle  of  which  is  tnmed  bj  another  stnip  passing  ronnd 
the  tire  of  the  wheel  b,  which  ia  worked  bj  the  handle  e  ;  thus  the  air  in  the  box  ii 
made  to  acqoire  a  centrifugal  motion,  and  passes  rapidly  oat  of  the  exit  pipe  n.  Bj 
attaching  the  tubes  to  the  aperture  /  (Gg.  2),  and  closing  the  opposite  one,  the  bad 
air  could  probably  be  dravm  out  of  the  gallei;  and  driTen  away  at  a  in  the  same  waj. 
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the  tid  of  artiGaal  mouia  to  ke«p  np  >  ootutant  onrrent  of  wholMoma  ur.  The  &ot 
of  iUh«Tingbeen  niMeBafiill; ^iplied in  the  abip  'S^lph,'  uid  klio  in  tlia  'SoMunond' 
■team  ibip,  ia  >  BoScient  giunntce  to  wair&nt  tlie  inTsotor  in  ooming  to  Hum  «on- 
duion. 

' '  Pram  a  wrie*  of  expeiimecti  made  at  the  patentee'!  nunufscloiy  on  the  pow«r  of 
t,  machine  1  laot  6  inahe*  in  diamaler,  ocaulrncted  npon  biji  plan,  it  wM  found  that 
M^rif  SOOO  aabio  feet  of  ur  cooid  be  remoTed  under  (he  ordinujr  proMnn)  in  an  hour. 
U,  therefom,  it  were  reqnired  to  ventilate  a  veaMl  of  1000  (ou  (irhioh  ii  about  the 
MM  of  the  '  Bosunond'),  it  would  be  fonnd  (hat  the  fbre-pait  eonlaiii*  aboat  Sl.ilB 


cobio  feet,  the  middle  or  engiae-rooiD  3S,OJ0  feel,  Uie  aAer-part  12,000  feet,  maLing 
alolal  of  60,  S5S  cubic  feet :  mppodDg  half  of  this  apace  to  b«  oceapieil  with  atomge, 
the  other  iiaJf,  or  34,927  cubic  feet  of  air,  has  to  be  remoTed,  which  might  be  done  in 
an  hour  with  seven  machines  of  the  siie  of  the  one  above  deecribed  j  bat  if  it  were 
required  to  be  done  in  less  time,  thii  might  be  reodilj  effected  bf  increanng  the  lae  of 
(he  machine,  or  mating  use  of  a  greater  number." 

MOUNTAIN  ARTILLERY.'— Tarione  otuniom  have  been  entertained  on 
the  nibjeet  oT  Mountain  ArtJllerj  and  the  service  it  is  Cap^bls  of  rendering  to  an 
army.  Bj  some,  the  lighter  gum  naoall;  employed,  and  eapecialty  those  carried  on 
mnle»,  haTO  been  considei'ed  to  be  utterly  worthlem  ;  by  others,  their  value  liaa  been 
overrated.  It  cannot  fur  a  moment  be  supposed  that  any  such  artillery,  in  any 
poerible  number,  can  be  oompared  in  effect  with  good  Field  Batteriee  capable  of  over- 
coming all  the  ordinary  diffienltiei  of  groand ;  but  in  the  mountwns,  excepting  (be 
immediate  vicinity  of  the  great  roads  which  traverse  them,  (he  beat  equipped  field 
artillery  is  liable  to  become  paralyud  by  obetaclea  (bat  it  cannot  muter,  and  to  be 
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rendered  not  onlj  OBeless,  bnt  a  canm  of  BerionB  embsrrasament  to  the  troop*  to  whom 
It  ii  attached.  And  the  qaeatioo  thtn  arises,  whetfan  for  ■  port  of  tbe  Beniees  irhiob 
Artillei7  QtD  reader,  md  in  the  particnlar  circiUDEtaDces  which  prtsent  themselTea  Id 
mouatain  varran,  goni  of  lighter  weight,  aad  those  eren  which  admit  of  being  carried 
on  mnlefl,  ma;  not  be  emplojod  vith  effect. 

The  lolntion  of  thia  queation  a  ohTioaelj  dependent  od  the  nature  of  the  aonntiT' 
and  of  the  difficnltiea  it  praeenta,  and  ii  therefore  one  ofd^ree, — of  which  the  oon- 
ditioni  mar  ^  thni  stated,  it  being  preiDiBcd  that  in  the  abservationa  which  foUov, 
it  il  not  propoBsd  to  enter  on  the  subject  of  the  Pattagt  of  Mountaitii  b;  fieH  or 
heaTj  artillerj, — an  operation  of  much  interest,  hot  which  doea  not  belong  to  the 
subject ;  for  nnder  snch  circum^ncea,  the  gun  and  ita  appurtenances  become  mere 
articles  of  transport,  and  all  their  powers  dormant  for  tiM  time.  An  example  of  thia 
operation,  the  moat  brilliant  that  historj  presents,  and  that  well  deserrea  to  be 
stndied  in  all  its  details,  is  that  of  tiia  passage  of  the  Alfs  b;  the  Qrand  St  Bernard, 
b;  Napoleon,  in  Mb;,  ISOO.* 

Whenever  the  operations  of  an  arm;  are  to  be  conducted  in  a  connti;  *o  monii- 
taJDOus  and  broken  as  to  render  it  difficult  or  impracticable  for  ordinary  Bsld  artiUer; 
to  accompany  the  march  and  support  the  moremeDts  of  the  troops,  recourse  must  be 
had  tfl  guns  of  less  weight,  and  to  lighter  loads  of  ammunition,  than  those  osnally 
employed  ;  and  it  ma;  be  necessary  that  the  number  of  gnns,  in  praportion  to  the 
troops,  should  be  reduced  also.  This  first  degree  of  change  is  that  which  is  required 
when  the  countiy  is  still  of  a  character  to  permit  the  use  of  irheel  carriages  by  the 
inhabitants,  for  in  that  case  roads  of  some  kind  will  be  found  to  exist ;  and  nnder 
such  circnmitances,  prOTided  that  these  roads  are  sofficientlf  namerons  and  prac- 
ticable, the  changes  of  equipment  may  be  limited, — firstly,  to  the  employment  of 
ordnance  not  eKceding  in  weight  6  cwt.,  with  corresponding  loads  of  ammunition ; 
and,  secondly,  to  the  reduction  of  the  track  of  the  wheels  to  a  dimension  within  that 
of  the  CDuntiy.-t  and  of  their  height  to  a  quantity  that  does  not  materially  exceed  the 
track.  It  will  be  necessary  also  that  the  draught  be  arranged  to  be  readily  made 
aingle  or  donble,  as  required,  and  that  draught  mules  vith  horse  leaders  should,  if 
pcasible,  be  proTided.  i 

Under  circumstances  of  sudden  or  expeditionary  senice,  in  a  difficult  country,  but 
not  wholly  impassable  to  artillery,  it  ms;  sometimes  be  convenient  to  convey  the  guns 
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Umber  (if  thd  lattet  be  not  also  dispensed  with),  on  pack-saddleB.  This  vonld  re* 
quire  nearly  twice  the  number  of  cattle  necessary  to  transport  the  same  quantity  in 
draught,  but  the  equipment  would  be  much  more  moveable,  and  able  to  master  far 
greater  difficulties  than  if  the  ammunition  were  carried  on  wheels.* 

I^  however,  the  country  on  which  the  operations  are  to  be  conducted  be  really 
mountainous,  the  roads  practicable  for  any  kind  of  carriage  will  be  few  and  difficulti 
easily  rendered  impassable,  and  the  movements  of  an  army  to  which  an  artillery, 
modified  even  as  above  stated,  may  be  attached,  will  be  liable  to  be  continually 
restricted  and  impeded  by  the  embarrassment  that  it  must  of  necessity  occasion. 
Under  the  condition,  then,  of  a  country  really  mountainous,  and  when  the  question  is 
that  of  operations,  whether  of  attack  or  defence,  and  not  merely  of  passage,  all 
transport  upon  wheels  must  be  abandoned,  and  the  mule  and  pack-saddle  become  the 
resource  of  the  artillery ;  the  condition  under  which  the  weight  of  the  guns  to  be 
carried,  and  all  other  loads  of  ammunition  or  equipment,  being  the  capacity  of  that 
animal  as  a  beast  of  burden,  keeping  pace  with  infantry  in  difficult  ground.  This  may 
be  considered  to  be  at  the  maximnm  280  fibs,  exclusive  of  the  pack-saddle.  The 
mules  for  the  service  of  mountain  artillery  should  not  exceed  in  height  14  ^  to  15 
hands,  and  should  not  be  taken  from  a  level  country,  but,  on  the  contrary,  should 
have  been  accustomed  to  all  the  difficulties  of  mountain  paths. 

It  is  under  such  circumstances  that  the  distinctive  character  of  mountain  artillery 
properly  so  called,  has  its  origin  ;  and  if,  on  the  one  hand,  it  should  appear  that  the 
power  of  the  arm  is  reduced,  its  mobility  and  ready  application  are  entirely  restored, 
and  its  quantity  may  be  increased  to  any  proportion  that  is  thought  fit  :  it  need 
occasion  no  embarrassment  whatever ;  for  wherever  troops  can  act,  mountain  artillery, 
properly  equipped,  may  accompany  them,  and  may  make  up,  by  its  power  of  con- 
oentration  and  the  mass  of  fire  it  may  be  employed  to  throw  on  the  few  points  of 
operation  that  occur  in  mountain  warfare,  for  its  comparative  inferiority  of  individual 
effect.  For  let  it  be  remembered,  supposing  howitzers  to  be  employed,  and  the 
calibre  not  to  be  less  than  12 -pounders,  that  apart  from  the  consideration  of  the  force 
of  the  blow  of  the  projectile,  which,  however,  is  sufficient  to  destroy  men  and  horses, 
the  splinters  of  the  shells  have  the  same  effect,  whatever  be  the  weight  of  the 
ordnance  they  are  discharged  from,  and  whether  that  be  2^  or  10  cwt. 

It  is  necessary  to  observe,  that  the  same  conditions  which  present  themselves  to 
modify  the  equipments  and  service  of  the  artillery  in  a  mountainous  country,  produce 
also  their  effect  on  the  system  and  character  of  the  operations  of  the  army.  Not  field 
artillery  only,  but  cavalry  also,  are  rendered  almost  wholly  useless, — the  order  of  the 
infaptry  changes,  and  becomes  less  dense, — positions,  in  general,  less  continuous, — 
and  attacks  in  mass  are  replaced  by  others  dependent  on  each  other,  and  successive, 
but  in  smaller  force  ; — surprises,  the  attack  and  defence  of  defiles,  and  movements  by 
a  flank,  become  frequent,  and  the  whole  character  of  the  operations  changes  with  that 
of  the  ground.  To  this  change  there  is  no  reason  that  a  mountain  artillery,  well 
organized,  may  not  adapt  itself  with  undoubted  advantage  :  its  function  will,  it  is 
true,  be  considerably  altered,  but  services  of  great  importance  will  remain  to  it, 
provided  that  it  be  well  equipped, — that  it  be  rendered  as  moveable  as  the  troops 
themselves, — that  it  never  becomes  a  cause  of  impediment  or  delay, — and  that  its  fire 
be  capable  of  concentration  in  quantity,  when  required. 


*  The  Austrian  Hone  Artillery  formerly  carried  a  part  of  their  ammunition  (SO  rounds  per  gua 
for  6-pounderi}  on  pack-horacs.  Vidt  Scharnhoret,  '  Handbuch  der  Artillerie,'  1806,  ii.  800  and 
547.  The  limber  boxes  of  the  is-pounder  field  howitzer  for  Naval  Service  are  fitted  to  be  carried 
on  the  pack  saddle,  when  required. 
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Id  tiniM  fut,  the  gun*  that  frnin  ui  earl;  date  were  emplojad  in  Bnropa  in 
monntun  mc&re,  irtre  carried  npoD  mnleB,  and  ooniirtad  gcaerall;  of  1  and  S 
to  4-paiindm  inolnmre,  to  irbioh  •ometimea  were  added  vall-pieoea,  and  at  a  later 
period  howituia  and  inortan  of  redneed  wtight.  More  reoeatlj,  b;  a  ehooge  that 
aaema  to  hare  obtuoed  general  conaent  throoghont  Bnropa  the  email  ronnd-ehol 
RUDi  haTS  been  whollj  abandoned,  and  ttave  been  replaced  bf  light  howitim  of 
12-poandeT  calitso,  formed  into  battoriea  regnlarly  oi^aniied,  and  oonairting  amallj 
of  nx  peeee. 

Tba  moBDlain  gone  of  the  Dnlce  of  WeUingtan'i  army,  whioh  entered  the  Pjieueee 
In  1818,  eoolieted  of  l-posndstB,  and  were  Spanieh  gani:  8-poandera  and  light 
If-inch  howitien  had  alao  been  emplojed,  and  the  British  Artillery  in  Sioil;  vere 
prorided  witii  howitaen  of  the  latter  oalibre,  of  the  weight  of  2}  cwt.,  on  a  low 
earriage  or  bed  without  wheels,  adapted  te  be  carried  on  moles  ;  and  of  thte  ealibn 
and  conetraetion  two  faaHeries  were  organised  on  the  north  coaat  of  Spun,  in  188fl.* 

In  18S2,  the  French  Artiller^r  began  a  series  of  experiments  on  monntaia  gina, 
which  ended  in  the  final  adoption,  in  1828,  of  a  IS-poander  howitser  of  eiia  calibrea 
length  of  bore,  and  of  the  weight  of  100  kils.  (SSOIbs.  B.)  :  the  charge  emptojed  is 
*27hil.  {S|oE.  S.)  :  it  ranges  with  2°  of  eleratianabaat  440  yards,  and  with  t°  about 
720.  The  extreme  range  extends  to  1200  or  ISOO  yards.  Its  Gre  of  oommon  ease  i« 
effective  at  S7fl  yardi^  bnt  it  will  reach  to  410  yards,  and  at  this  dietanoe  the  balls 
paas  throDgh  an  inch  deal,  ^ith  sptierical  ease  the  effect  is  good  at  770  yards,  and 
ii  still  destrnetiTe  at  1000.  The  penetration  of  the  common  shell  in  eartii,  at  440 
yards,  is  17^  inchee ;  at  8S0  jaids,  12  inches ;  and  it  fomiihes  on  the  average  Mien- 
teen  splinters,  i" 

Bpun  adopted,  in  1837,  witliont  any  material  change,  the  Fraioh  system  ;  the 
howitier  and  eairiage  being  the  same,  with  some  trifling  Tsriations  in  weight  that 
will  be  Kim  below.  The  principal  difference  is,  that  while  the  Preneh  moontua 
howitser  is  ocosaionally  in  dianght,  when  the  ground  permits,  by  means  of  a  pl^  at 
shafts  that  fit  to  ths  trul,  the  Spanish  Artillei?  do  not  employ  that  means  of 
transport  at  all  t  They  likewiss  have  adopted  a  pack-saddle  of  thmr  own,  somewhat 
heavy  and  bnlky,  bat  a  veir  good  one ;  and  we  have  it  on  the  anthoiitf  of  tha 
British  Officer*  who  were  attadied  (o  their  armies  during  the  lat«  dvil  war,  that  their 
mountain  gone  oonstantly  accompanied  the  division  to  which  they  were  attached. 
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diffioulty,  with  leas  distress  to  the  cattle  than  to  the  horses  of  the  caTab7,  and,  above 
all,  without  sore  backs.*  Lieat. -Colonel  De  Salas,  of  the  Spanish  Artillery,  in  a  little 
work,  printed  in  184i,t  further  supplies  the  fS»ct,  that  in  two  years,  ending  in  June, 
1841,  during  a  considerable  portion  of  which  the  operations  were  most  actire,  the 
\0BB  of  mules  by  death  and  being  rendered  unserviceable  in  five  mountain  batteries  of 
70  mules  each,  amounted,  under  all  the  disadvantages  of  a  first  essay,  and  with 
general  inexperience,  only  to  61,  being  at  the  rate  of  8f  per  cent,  per  annum. 

These  results,  and  the  experience  of  the  French  in  Africa  since  1830,  a£ford  proof 
that  must  be  deemed  conclusive^  both  as  to  the  effidency  in  respect  to  movement,  and 
the  good  service  of  the  artillery  in  question.:}:  And  in  France  this  consequence  seems 
to  have  been  arrived  at — the  total  disuse  of  all  ordnance  between  the  mountain 
howitzer  of  100  kilogrammes  and  the  8-pounder  gun  and  24 -pounder  howitsers  of  their 
field  batteries,  of  580  kilogrammes  (11  cwt.)§ 

In  1838  the  French  Artillery  added  to  their  materiel  applicable  to  mountain  service 
a  small  mortar  of  15*13  centimetres  calibre  (24-pounder,  or  6-inch),  in  weight  70  kilo- 
grammes (154  lbs.),  which,  with  a  charge  *14  kil.  (4*9  oz.  £.),  ranges  at  45°  to  about 
660  yards,  and  at  15**  to  385  :  the  chamber  will  contain  74  os.  The  British  Artilleiy 
possesses  mortars  of  4{  and  5^  inches  calibre  (12  and  24  pounders),  in  weight  102  and 
158  lbs.,  and  capable  therefore  of  being  carried  on  mules.  They  have  frequently  been 
employed  with  good  effect,  and  require  but  amall  charges  :  the  penetration  of  the 
shell,  however,  is  but  trifling,  and  a  mortar  of  larger  calibre,  say  82-pounder,  or  even 
higher,  which  should  still  be  within  the  limit  of  transport  on  the  pack-saddle,  appears 
to  be  desirable. 

In  consideriog  the  subject  of  mountain  artillery  it  will  be  proper  to  notice  a  weapon 
that,  from  various  causes,  has  not  yet  arrived  in  military  estimation  at  a  fixed  or  due 
value — the  rocket.  In  circumstances  that  render  the  application  of  other  means 
impossible  it  may  be  availed  of,  and  in  many  cases,  with  advantage.  One  of  the 
qualities  it  possesses  h  that  of  a  portability  so  complete  as  to  render  all  positbns 
accessible  to  it ;  and  in  some  respects  it  has  advantages,  as,  for  example,  in  reti-eat> 
over  the  mountain  howitzer.  In  the  enfilade  of  a  bridge,  a  ditch,  a  high  road,  or 
intrenchment,  it  is  without  doubt  capable  of  proving  a  very  efifective  weapon.  It  has 
also  a  power  of  penetration  which  is  very  considerable,  and  that,  when  it  has  attained 
nearly  its  maximum  velocity,  is  at  least  double  in  earth  that  of  round  shot  of  the  same 
weight  with  a  full  charge.  Its  maximum  velocity  being,  however,  considerably  less  than 
that  of  shot,  it  is  not  well  suited  to  make  impi-ession  on  hard  substances,  though 
probably  quite  capable  of  effecting  a  breach  in  brick-work,  at  a  proper  distance.  In 
long  tubes  and  in  calm  weather,  at  1000  yards,  the  12 -pounder  rocket  hits  very  nearly 
as  well  as  a  field  howitzer,  and  penetrates  in  earth  more  than  12  feet. 

To  the  ordinary  service,  however,  of  a  country  over  which  artillery  on  wheels 
cannot  pass,  the  lighter  rockets^  6  and  3  pounders,  i^pear  to  be  those  best  suited. 
Of  the  last,  a  mule  carries  easily  fifty-six  rounds^  with  all  the  necessary  equipment ; 
the  weight  of  the  load,  exclusive  of  the  saddle,  being  276  lbs.  ;  and  this  calibre  may  be 
used  on  the  march  for  the  enfilade  of  hedges  or  other  cover,  from  a  flank  in  oblique 
fire,  or  to  protect  a  retreat,  carried  in  the  hand,   and  halting  only  to  fire.     Of 


*  Of  four  marches  in  Aragon  and  the  adjacent  province*,  in  1838-9,  amounting  to  278  leaf  uet  la 
S3  days,  each  march  performed  without  a  halt,  the  shortest  of  which  was  68  leagues  in  7  days,  and 
the  longest  76  in  9  days,  the  day's  march  rarying  from  6  to  13  leagues,  and  the  league  fully  equal  to 
3  English  miles,  the  average  distance  daily  was  8*28  leagues,  pr  84*84  English  miles. 

t  *  Tactica  de  Artillcria  de  Montafia  a  Loa&o,'  ]8iao,  Madrid,  1844. 

t  *  Memorial  de  l*ArtUlerie,'  iv.  14,  and  v.  8. 

\  The  4  pounder  flold  gun  was  finally  suppreised  in  1841.—'  If  im.  de  I'Art.*  t.  48. 
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O-poondsr  lockets,  a  male  ta»,y  outt-  twgotj-foar  roundaj  bnt  the  tticks,  from  their 
lengtli  (7  feet)  render  &e  load  ineouTenient ;  and  an  impniTement  of  eooibiiction  ii 
dcnrable.  No  fire,  it  it  well  knovii,  ii  cap&ble  of  a  repetition  «o  npid  u  that  of  the 
rocket,  and  little  a  vanting  to  gire  thi*  weapon  a  veij  important  applicatinn  in 
monnbun  war&re  bat  the  maaoa  of  rendering  it  aocarate  in  dii«etion. 

The  ntaUiihmeal  of  the  Uoantain  Batteriei  of  Spain,   at  determined  b;  Boyal 
Order,  Febniar;  IB,  1844,  ii  ai  foUowa. 
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Ona  foaith  of  the  BmmaniUoa  is  case-ihot.  Ooe  ammanition  male  only  marchee  with 
each  howitter  when  read;  for  action, — making,  with  thoie  carrfing  the  howiuen  and 
oarriogea,  IS  males  per  batterj,  each  mote  being  eondnctAd  bj  an  aitiUerjr-inan. 
Kght  non-commisaioned  officeie  and  men  are  attached  to  each  howitzer  for  its  aerriee, 
— to  load  and  anload  it  and  the  caniage,  and  lo  sappty  ammanition  while  in  action. 
The  rat  of  the  mnlei  are  conaidered  as  reserre,  and  ore  in  tlie  charge  of  artillery- 
men, one  man  baring  the  care  of  two  moles.  Ithey  act  as  mnleteen. 
The  malea  are  diatribated  as  followB  : 

Midai. 
3  anbdivisions  of  3  males  each,  eairying  the  howitier,  tbe  eartiage,  and  1  ftit 

of  ammnnition  boies,  containing  16  ronads  per  gun  and  6S  per  battery         IS 
21  loada  of  leserre  ammanition,  384  ronnds  per  battery     .  .     !4 

For  storey  tools,  and  forage 7 

Spare  howitier  carriage 1 

Spam  molea  (nnsaddled) 2 
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were  either  muleteers  or  soldierB  of  the  Train.  The  total  nximber  of  peiBonB,  there- 
fore,  exduBiye  of  officers,  was  117.  At  this  period  the  knapsacks  of  the  men  were 
carried  on  moles,  12  being  assigned  for  the  purpose  ;  *  bat  the  arrangement  appears 
now  to  be  discontinued. 

The  English  Mountain  Batteries  on  the  north  coast  of  Spain,  from  1836  to  1840, 
consisted  of  four  4§>inch  or  12-pounder  howitzers  carrying  96  rounds  per  gun,  and 
there  were  attached  3  officers,  with  60  non-commissioned  officers  and  men,  and  9 
Spanish  muleteers,  3  riding  and  86  pack  mules.  The  battery  was  divided  into  front 
and  reserve,  and  there  marched  with  the  former,  when  ready  for  action,  2  ammunition 
mules  per  howitzer,  carrying  48  rounds,— making,  with  those  carrying  the  howitcem 
and  their  carriages,  14  mules  and  192  rounds. 

In  the  Establishments  of  the  French  and  Spanish  Batteries,  it  will  be  peroeived  that 
the  total  quantity  of  ammunition  carried  being  as  2  to  1  nearly,  the  French  battery 
averages  more  than  114  rounds  per  mule,  and  the  Spanish  not  quite  8}  rounds,  the 
package  of  ammunition  being  the  same.  The  proportion  of  80  rounds  per  howitser 
in  the  Spanish  Service  is  obviously  too  small.  It  ought  at  least  to  be  120  to  150 
rounds  per  howitzer. 

The  comparative  weights  of  the  principal  articles  carried  in  the  batteries  of  the  three 
countries  mentioned,  reduced  to  English  weights,  are  as  follows  : 


France 
Spain     .     . 
England 

The  Howitser. 

The  Carriage. 

A  pair  of 

Ammunition 

Boxes  packed. 

The  Pack-Saddle. 

For  Gun  or 
Carriage. 

For  Ammu- 
nition. 

1 

S>i. 
220 
208 
280 

lbs. 
243 
265 
106 

S>s. 
216 
219 
330 

S>s. 
48 
86 
41 

S>s. 
48 
70 
45 

The  English  carriages,  as  has  been  stated,  were  without  wheels.  Exclusive  therefore 
of  side-arms,  shafts,  &c.,  and  without  forage,  the  greatest  load  of  the  French  battery, 
saddle  included,  does  not  exceed  291  lbs. ;  of  the  Spanish,  351  lbs. ;  and  of  the  English, 
375  lbs.  But  the  mule  of  the  French  and  Spanish  batteries  carries  only  16  rounds^ 
and  the  English  24,  of  which  half  are  spherical  case,— a  load  which  certainly  is 
excessive,  and  should  be  reduced,  say  to  20,  or,  perhaps,  to  18  rounds.  The  weight 
of  the  English  howitzer  is  also  greater  than  it  ought  to  be,  by  80  or  40  lbs.  :  and  it  is 
too  short  as  well  as  too  heavy.  An  advantage  of  some  importance  was,  however, 
aflfurded  to  the  mule  which  carried  it,  by  placing  the  howitzer  across  the  back,  in  a 
saddle  constructed  for  the  purpose,  instead  of  in  the  direction  of  the  animal^s  length. 
By  this  means  the  centre  of  gravity  was  lowered  several  inches,  and  greater  fiBkcility 
was  afforded  likewise  for  unloading  and  loading  the  mule  in  going  into  or  out  of 
action.  Three  men,  with  some  little  practice,  were  able  readily  to  place  the  howitzer 
in  the  saddle  or  to  unload  it ;  though  the  weight,  at  the  height  of  the  eyes,  of  a  man 
of  good  stature,  was  upwards  of  90  lbs.  to  each.  The  carriages  being  without  wheels, 
two  of  them  were  carried  easily  by  one  mule,  together  with  a  small  assortment  of 
intrenching  tools, — the  whole  load,  saddle  included,  being  303  lbs. 

The  construction  and  dimensions  of  the  French  and  Spanish  mountain  batteries 


«  t 


AidcMemoira  Portatif/  ISmo,  Straaboorg,  1831,  p.  88. 
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diAr  bnt  liUU  trma  etab  othar,  eioepting  In  th>  pulr-Baddle,  — thmt  of  Spidii  dHBrriiig 
Iha  pnferenct,  though  it  vonld  teem  poaaibla  in  this,  Tor  the  horiUer,  io  improre  tlii 
frkmitig  of  Uie  tree,  and  to  rediue  the  weight.     It  U  the  'Bfct  k  la  CabUvis'  of  the 

The  height  of  the  French  wheel,  in  Bnglieh  meantre,  ie  B7-6  inchea,  ita  irei^t 
fil-SSw.,  And  the  ipan,  fnim  oat  to  oat,  31-3  iachet.  The  height  of  the  Spanidi 
wheel  ia  37  "1  inohei,  and  ita  wdghi  Gll'3Ibs.  English. 

The  recoil  of  the  tnaantun  bowitier  ii  nolent,  and  reqairea  that  both  wbcala 
■hontd  be  diagged  :  thii  ia  effected  bj  meana  of  a  lope  paaaed  bom  wheel  to  vhtal, 
the  endi  being  bnnght  together  above  (he  block  of  the  traiL  Dnrcattained,  tiie  notal 
would  reach  to  Sfl  ftet.* 

The  dnwinga  aaneied  of  tiie  Spaniah  moantaia  howilier  and  ita  eqnipmeBt  are 
from  the  '  Tactica '  of  De  Salas,  atread;  qaoted,  and  will  aSbrd  an  idea  of  ita  ehaiMter 
in  both  SerTLcee.     (See  PUtea  of  '  Mountain  Artillerj.') 

The  taddle  for  the  howitier  is  fitted  for  either  howitier  or  carriage,  and  an  irai 
tOD  (piiuote)  ii  attiulied  to  the  framing  of  the  tree  on  each  sides  npoo  which,  irtMn 
on  the  msrcb,  the  vbeeU  ma;  be  carried  eeperatelj  from  the  bodj  of  the  carriage 
and  the  tentre  of  grant;  of  the  load  much  lowered.  When  net  wanted,  tbeae  pina 
(old  sidewafi  npOD  the  eaddle. 

The  French  batleriee  carry  with  them  a  portable  forge,  far  which  one  mole  ie 
allowed,  and  lii  men  for  the  conTejance  of  other  tools,  materiala  and  atoru.  Tin 
fbrge  ia  the  aame  aa  that  attached  to  regiments  of  cbtoIt;,  and  ita  total  weight,  with 
toola  complete,  and  21R>e.  of  charcoal  in  a  leathern  lack,  is  1881b*.  Eogliab.f  In  the 
Spaniah  batteries  the  forge  ia  dtapenaed  with,  and  three  moles  appropiiated  to  apare 
thoea,  materials,  and  tools. 

Withoat  doubt  the  mule  it  the  beet  animal  of  burden  possible  ibr  the  nae  of 
artiller;  in  ■  monntainons  conntrj  ;  hard;  and  powerfnl,  jet  capable  of  ■ubaiating  on 
little  and  coarse  food,  he  is  liable  to  few  disorders,  sustains  easilj  great  changes  of 
temperatDT^  and,  above  all,  is  possessed  of  an  instinct  or  judgment  in  the  choice  of 
hie  fiwting,  when  heavil;  loaded  and  in  diScnlt  ground,  superior  to  that  of  all  other 
animals,  and  b;  that  means  is  able  to  pass  safelj'  where  none  else  could  do  so.  And 
ill  pace  and  in  endurance  he  ia  equal  to  the  utmost  effort  that  can  be  made  bj  an; 
infantr;  whatoTei.    In  case  of  necessitj,  however,  the  horH  of  a  moonlainons  eonntry, 
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deacent^  the  turnings  easy,  and  the  distance  not  considerable.  The  extent  of  the  load, 
at  the  utmost^  with  two  very  good  males,  is  about  450  Ibi.;  and  in  a  descent  that  ia 
at  all  precipitous,  the  front  mule  is  yery  liable  to  £ei11,  and  to  be  seyerely  ii^red. 

In  the  French  Service  the  first  reserve  of  in^Eutry  ammunition  is  attached  to  their 
mountain  batteries,  as  it  is  to  their  field  batteries  in  the  plains  ;  but  in  an  English 
army  this  arrangement  is  not  likely  to  be  followed.  The  proportion  attached  to  the 
French  mountain  batteries  is  80,000  rounds,  carried  by  fifteen  mules,  of  which  five 
march  with  the  front  of  the  battery,  and  ten  with  the  reserve.  In  the  British  Service 
the  mules  of  the  first  reserve  of  ammunition  will  probably  be  attached  to  the  brigades 
of  infantry,  as  formerly,  and  will  march  in  their  charge. 

Little  has  been  written  on  the  subject  of  Mountain  Artillery  in  its  present  form  that 
may  serve  as  a  guide  in  service,  beyond  what  is  contained  in  the  Aides-M^oires, 
and  the  authorities  quoted  ;  and  experience  is  yet  wanting  to  indicate  with  precision 
the  rules  of  tactique  according  to  which  it  should  be  employed.  Decker*  makes 
some  important  observations  on  the  service  of  artillery  in  a  mountainous  country,  but 
enters  only  briefly  into  the  question  of  continued  operations.  Jomini,  in  the  article 
'De  la  Strategic  dans  les  Montagues, *f  presents  the  general  conditions  of  offensive 
and  defensive  war  in  relation  to  the  principal  mountainous  countries  of  Europe,  but 
chiefly  as  to  the  operations  of  passage,  and  without  reference  to  the  use  of  artillery  ; 
nor  does  he  in  the  short  but  important  article  *De  TEmploi  de  TArtillerie,*  ^  in  the 
conclusion  of  his  work,  make  any  observation  on  its  service  in  the  mountains.  In  a 
word,  the  tactique  of  mountain  artillery,  necessarily  dependent  on  that  of  the  infantry, 
has  yet  to  be  created  ;  and  since  this  last  must  vary  with  the  nature  of  the  country 
(for  all  mountains  are  not  alike),  with  its  resources,  with  the  character  of  the  in- 
habitants and  their  relation  to  the  contending  armies,  as  well  as  with  that  of  the 
troops  employed,  it  would  seem  to  follow,  that  in  respect  to  mountain  warfare,  general 
principles  only  can  be  asserted, — that  no  system  can  be  prescribed  ;  and,  in  the  words 
of  Jomini,  that  *  c^est  dans  Tetude  des  faits  que  Ton  pent  reconnaltre  tatUe  la  vaniti 
d^  theories  de  detaU,  et  s' assurer  q*une  volenti  forte  et  h^roYque  pent,  dans  la  guerre 
des  montagnes  principalement,  plus  que  tons  les  prdceptes  du  monde.*§ 

Bat  in  whatever  manner  operations  may  be  conducted,  certain  general  principles, 
results  of  experience,  and  precautions,  will  be  useful ;  and  the  following  precepts 
have  been  thrown  together,  not  in  the  pretension  of  being  complete,  but  that  they  may 
serve  to  remind  an  officer  in  command  of  a  mountain  battery  of  some  of  the  points  to 
which  his  attention  should  be  directed. 

Examine  by  means  of  a  mounted  officer,  or  non-commissioned  officer,  the  paths  in 
advance  in  the  line  of  march  and  around,  as  far  as  practicable,  and  procure  infor- 
mation from  the  inhabitants  whose  fidelity  can  be  relied  on ;  but  in  a  difficult  country 
trust  to  no  one,  either  as  to  information  or  as  a  guide,  that  is  not  himself  a  muleteer 
or  an  accustomed  traveller.  The  fiitigue  of  cattle  depends  mainly  on  the  dioioe  of 
the  path. 

Avoid  defiles  and  narrow  passages  as  much  as  possible  :  in  many  countries  the  best 
paths  are  frequently  along  the  ridge.  One  kind  which  occurs  in  a  forest  country  it  is 
necessary  to  be  guarded  against — it  is  that  used  by  charcoal-burners,  which  is  usually 
without  an  outlet  Employ  tools  and  labour  to  improve  a  bad  passes  :  this  is  better 
than  to  incur  the  risk  of  laming  cattle. 

Wherever  practicable  and  proper  to  do  so,  take  a  different  line  of  march  from 


*  '  Tracts  iill^mentaire  d'Artillcrie/  Book  ii.  art.  18,  p.  410.    Pari*,  1825. 

t  '  Pr^cia  de  PArt  de  U  Gaerre/  art.  89*  p.  880.    Parif,  1887.  t  Ibid.  ait.  46,  p.  808. 

>  Jomini, '  Pr^cia  de  I'Art  da  la  Guerre,'  p.  848. 
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tlie  is^try,  in  order  to  allow  the  cuttle  tg  man  at  their  natnr&I  pace,  and  aroid  tit* 
■mbarrawment  of  freqocnt  halte. 

In  diSonlt  groand,  do  not  permit  the  cattle  to  be  homed,  bat  kllow  the  mnlea  to 
pick  theit'  own  way  freelj,  and  at  theii  own  pace.  It  is  best  not  to  attempt  to  lead 
them,  taking  oare  on);  that  the;  do  not  crowd  upon  each  other.  In  foreata  that  an 
doael;  timbered,  it  will  be  necesaarj',  perhaps,  to  lend,  in  order  to  prevent  the  de- 
nngement  of  the  load  b;  ttriking  the  trees,  or  agungt  each  other. 

Id  Tei7  difficnlt  and  preciptom  groncd,  it  will  rametimee  be  adTieable  to  traniport 
the  howitaen  and  their  equipment  whoU;  hjr  men ;  and  if  proper  ariaiigementa  are 
made,  thia  ia  hy  no  meana  a  difficult  matter,  and  id>7  sare  mnoh  time ;  it  being 
ponible  to  conTey  bj  hand,  either  in  aactnt  or  dEBceot,  the  materiel  of  the  hMttne* 
DTar  ground  that  no  mole  can  paaa  at  all, — the  cattle  in  meh  caw  making  a  diUtaz. 

The  beet  poaitiona  for  monntain  artillery  are  those  from  which  all  aioond  can  be 
Been,  bnt  which  hare  only  a  moderate  command,  the  fire  becoming  inaocnrate  when  th« 
angle  of  depression  is  considerable,  and  the  projectile  does  not  graritate  opon  the 
charge.  In  many  cases,  the  incDrrated  track  of  the  shell  and  its  modeiate  Telocity, 
which  does  not  ninall;  permit  it  to  lodge,  will  be  found  to  lend  itself  &Tourably 
to  the  character  of  the  gronnd,  particularly  when  the  circumstancee  of  the  eoemy's 
poaitioB  can  be  obaerreil  from  a  flank. 

Take  care,  on  coming  into  a  position,  that  it  has  both  an  ontlst  and  an  entrance  ; 
and  if  neocesary,  make  one  :  time  may  otherwise  be  lost  in  moTing  in  adTanoa  ;  and 
in  case  of  retiring,  the  batteries  may  occasion  delay  to  the  troops,  and  be  eipceed  to 


Biamina  welt  the  conflusnce  of  Talleys  and  all  the  paths  which  couTeiga  or  issn* 
from  them  ;  and  take  care,  as  br  a>  possible,  to  commnnd  them.  Obtain  the  enfilade 
of  a  oommnnicitioa,  of  a  position,  of  carer,  or  of  a  probable  deployment,  whenever 
possible,  and  if  not,  an  obliqne  fire.  If  the  enemy  be  intrenched,  and  has  the  hill 
above  him,  direct  on  it  shells  with  long  fuses,  and  let  them  roll  into  the  benehes. 
This  will  oblige  Mm  to  seek  security  by  me&ns  of  s  CDonter-dilch,  and  the  eiisteuM 
of  this  precaution  wilt  show  the  ground  he  intends  to  dispnte.  If  hoases  are  occnined 
by  the  enemy,  the  walls  will  resist  the  fire  of  the  monntua  howitier,  onleas  formed  of 
ahgbt  materials  ;  but  roofil  in  general  are  eaiily  penetrated.  Occaaionally  high  angles 
of  elerntion  may  be  nuefol,  and  the  shells  may  be  partly  filled  with  lead  to  give  Ihem 
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of  every  means  of  rendering  it  tecure.  If  the  attack  be  on  your  ilde,  take  care  to 
choose  ground  that  will  enable  yon  to  support  it  to  advantage,  to  concentrate  your 
fire  upon  the  points  to  be  assailed,  and  to  follow  up  success. 

Gk^at  attention  must  be  paid  at  all  times  to  the  equilibrium  of  the  loads,  but 
especially  after  ammunition  has  been  expended. 

Wheneyer  a  halt  occurs  of  sufficient  continuance,  and  circumstances  permit  it»  let 
the  cattle  be  unloaded,  taking  care,  while  halted,  and  whether  loaded  or  unloaded, 
that  they  do  not  rolL 

Carry  at  the  least  half  a  day's  com  with  each  mule,  but  do  not  feed  on  the  march, 
unless  the  halt  is  considerable.  Do  not  usually  carry  more  than  one  day  or  a  day  and 
a  halfs  com  on  the  loaded  mules ;  it  is  better,  when  necessary  to  carry  forage^  tt 
hare  mules  assigned  for  the  purpose. 

No  baggage  of  any  kind  is  at  any  time  to  be  allowed  to  be  placed  on  the  mules  of  a 
mountain  battery,  excepting  on  those  appropriated  to  the  purpose,  on  pain  of  being 
cut  ofif  and  abandoned.  The  men  should  carry  their  knapsacks,  reduced  to  what  is 
absolutely  necessary,  and  their  great  coats.  In  the  French  service,  the  knapsacks 
were  at  first  carried  on  mules,  but  this  practice  is  discontinued. 

Whenever  the  battery  arrives  on  a  plain  where  carriages  of  any  kind  are  to  be 
obtained,  procure  them,  and  the  cattle  necessary  to  convey  the  loads  until  the  ground 
again  changes. 

Never  unsaddle,  when  the  march  is  over,  in  less  than  an  hour  and  a  half  to  two 
hours  from  the  time  of  halting. 

In  some  countries  it  is  customary  to  place  ammunition  carried  by  mules  in  the 
church,  where  lights  and  fire  are  easily  interdicted.  This  is  usually  a  convenient 
arrangement,  access,  in  general  being  easy  on  all  sides ;  but  care  must  be  taken  to 
secure  the  entrance,  and  that  there  be  no  impediment  to  turning  out  quickly  when 
required.  If  in£Eintry  ammunition  is  also  deposited  in  the  church,  a  different  entrance 
should  be  assigned  to  it.  Marks  to  distinguish  the  cattle  and  their  subdivisions  are 
easily  made  by  scissors  in  the  hair  of  the  off-side  of  the  neck  or  rump,  in  numerals  4 
to  5  inches  high,  and  other  marks  may  also  be  made  in  the  hair  of  the  tail  by 
straight  cuts  across,  a  few  inches  below  the  root,  to  denote  the  battery  to  which  the 
mules  belong. 

Allow  no  harshness  to  be  employed  towards  the  cattle  without  necessity,  which  can 
very  rarely  occur.  The  mule  is  fifu*  more  obedient  to  the  voice  than  to  any  means  of 
punishment  whatever,  and  though  resentful,  is  much  more  sensible  of  good  treatment 
and  of  attachment  than  generally  supposed. 

Great  attention  must  be  paid  to  shoeing,  and  to  the  condition  of  the  feet :  every 
mule  must  carry  a  fore  and  hind  shoe  fitted,  and  two  sets  of  nails  to  each,  and  the 
farrier  a  full  set.  The  Spanish  and  Turkish  methods  of  shoeing  are  the  best.  In 
some  countries  mules  work  without  being  shod  behind;  and  in  ground  where  the 
rock  is  hard  and  smooth,  this  is  of  great  importance,  through  the  security  it  affords. 

The  utmost  care  is  also  to  be  given  to  the  pack-saddles,  which  are  to  be  fitted  to 
every  mule,  and  never  changed  but  from  necessity.  If,  notwithstanding  all  the  care 
that  can  be  taken,  a  gall  should  occur,  the  saddle  must  be  eased  at  that  point  by 
thinning  the  stuffing,  to  remove  the  pressure. 

This  article  cannot  be  more  properly  concluded  than  by  stating,  that  whatever  may 
be  the  efficiency  a  mountain  artillery  perfectly  well  organised  may  arrive  at,  the 
moment  that  the  army  quits  the  moxmtalDs  to  descend  into  the  plain,  the  proper  field 
artillery  should  be  resumed ;  for  of  this  arm  it  is  assuredly  trae,  that  the  heavieti  thai 
can  perform  the  movements  required  to  accompany  and  support  the  troops  is  ih^U 
which  ought  to  he  employed,  J*  Nt  C. 
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MOUNTAIN  BAEOMETER.— UDder  the  article  B*w«wi,  .  dtMrip- 
tion  of  Uie  mtrcnrial  instnimeDt  ■ma  giTCn,  but  the  present  pBgei  trs  devoted  to 
the  AntToid  Baromtter,  of  which  the  follawing  descriplioQ  U  given,  preTioni  to  »a 
■ome  expenmenta  vhich  have  been  nude  to  ucoi-taiii  it*  value  in 
ig  the  heights  of  moontaini  not  mnch  etoeeding  2000  feet. 


"  it.  Oont£,  in  hia  b&Uooa  MCente  daiing  the  wnt  in  Bgn>ti  finmd  the  ordtnuy 
bkrometer  rabjeet  to  »  mnch  oscillation  that  it  int«  naeleM.  He  wu  the  inventoi'  of 
the  Tacnam-vue,  and  the  following  ii  a  copy  of  hia  iastnmient,  and  the  dcaotiption 
be  girea  of  it,  eitncled  from  the  'Bttlletin  dea  Sdeneea,'  Ploredl,  an  0,  page  106. 

Pig.  1. 


"  '  H.  Oontt^  ProfeaaoT  of  the  Aerostatical  School  at  Mendon,  near  Pari^  aad  now 
In  EgTp^  haa  ooenpied  his  attention  for  aonie  Ume  past  in  adapting  a  baiometer  wbich, 
althoDgli  of  nmple  oontrivaace,  ahonld  be  more  seositivs  than  those  almd;  in  na*. 
Ws  now  procoed  to  explain  the  firit  of  his  discoTeriea.  It  is  vet?  like  a  pocket  watch. 
(See  Gg.  1.)  A  B  C  is  a  bawl  made  of  strong  iron  or  oopper,  npoo  which  is  a  cover, 
0  F  A,  of  a  TBTf  thin  sheet  steel,  and  the  edges  of  which  most  be  fitted  with  grwt 
eiactneas.  The  springs,  K  U,  keep  the  cover  at  ite  elevation  ;  and  while  the;  regolAte 
ita  action,  the  air  is  pumped  out  of  the  bowl,  A  P  C  fi,  thcoogh  the  opening  at  D. 
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no  way  disparaged  by  the  claims  to  the  inyention  of  the  prmoiple  which  have  been 
set  up  for  M.  Cont6  by  his  friends. 

**  A  diagram  and  explanation  of  M.  Cont6's  vacnnm-yase  haying  been  given  aborei 
it  will  be  proper  to  detach  and  exhibit  on  paper  that  of  M.  Yidi,  that  the  differenoe 
between  the  two  may  be  shewn  more  q^early,  and  that  the  ingenious  means  adopted  by 
M.  Yidi  to  correct  for  varying  temperature  may  be  Uie  better  appreciated. 

Fig.  2. 


*'  In  fig.  2  the  Tacaam-Tase  is  represented  in  the  shape  which  it  presents  before  it 
is  exhausted  by  the  air-pnmp  :  aaa  a  shew  the  tnming  or  lapping  over  of  the  thin 
cormgated  diaphragms  where  they  are  soldered  to  the  rim  ;  D  D  is  the  yacnnm-yase ; 
M  is  the  socket,  which,  being  pulled  by  the  pin,  E,  places  the  rase  in  a  state  of  tension, 
whereby  it  o£fers  resistance  to  the  pressure  of  the  external  atmosphere. 

Fig.  8. 


V/////M. 


**Fig.  3  shews  the  vacuum -vase  in  a  compressed  state,  after  the  air  has  been  ex- 
hausted  by  the  air-pump,  through  the  tube,  F.  The  dotted  lines,  running  nearly  even 
with  the  corrugated  surface,  are  intended  to  shew  the  position  which  that  surface  will 
assume  after  the  introduction  of  the  gas,  which  effects  a  compensation  for  the  results 
of  varying  temperature. 

'*  From  the  circumstance  of  a  gas  being  (perhaps  for  the  first  time)  introdnoed  into 
an  instrument  with  a  view  to  effect  a  correction  for  variable  temperatures,  and 
from  its  being  an  invisible  agent,  a  short  explanation  may  be  required  in  verification 
of  its  being  adequate  to  produce  the  results  asserted.  Such  an  explanation  will  serVe 
to  impress  on  the  attention  of  those  who  study  mechanical  science,  how  important  it 
becomes  to  take  into  their  consideration,  not  only  the  expansion  of  metals  upon  an 
increase  of  temperature,  but  also  the  loss  of  elastic  force,  to  which  in  a  state  of 
tension,  they  become  subject.  The  student  is  familiar  with  tables  indicating  the 
expansion  of  metals  ;  but,  even  at  the  present  time,  no  table  has  been  calculated  in 
order  to  shew  the  loss  sustained  by  elastic  bodies  when  in  a  state  of  tension  :  perhaps 
no  instrument,  although  made  for  the  express  purpose,  eould  exhibit  an  experiment 
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mora  aktisfBeloiy  for  the  proof  of  tMa  point  than  the  aneroid.  Ws  an  enabled  to  use 
it  w  a  p7rame(«r  b;  applying  the  heat  of  a  lighted  taper  to  the  ipring  S,  6^  4,  S, 
without  eonnDnnicating  that  heat  to  the  vacnam-Taae.  A  table  of  dii«et  ezpui- 
Oon  would  came  iu  to  conclude,  that  as  tbe  spring  S  wonld,  on  being  heated,  become 
longer,  it  wonld  r^ae  tbe  lerer  0  higher ;  bnt  the  eiperiment  aboTe  adierted  to  pro- 
doeee  a  eontnU7  reenlt,  (for  the  ipriag,  B,  loung  ita  elastic  power  tfarongh  heat,  la 
foited  down  b;  the  atmospheric  preaanra  on  the  vacoam-Tsse),  and  prorea  that  tbo 
Ion  of  elastic  force  iagi«ater  than  that  of  direct  expansion.  The  hand  of  the  aneroid 
indieatea  thii,  bj  moTing  towards  the  right,  or  '  aet  Uar.' 

"Vlt  might  fnri)her  suppose  that  an  increase  of  heat,  expanding  tbe  metal  of  which 
the  Taeuam-Tase  was  made,  wonld  proportionatel;  iacreaas  its  capacity  ;  where**  the 
oontrary  is  aetoallir  the  case  ; — ■  conclusiou  which  is  prored  bj  heating  tbe  Taonnm- 
Tase  alone.  It  mnit  be  admitled  that  the  metal  diaphragms  bare  become  both  largar 
and  weaker  by  an  increase  of  temperature,  whence  the  capacity  of  the  Tacaam-T>M 
would  be  rendered  great«r ;  but  it  moat  be  also  remembered  that  the  atmospberio 
preaoreon  the  surfaoes,  amounting  to  a  force  of  tl  Iba.,  biinga  tbe  upper  and  lowar 
diaphragms,  thus  weakened  by  heat,  eloeer  together,  so  that  the  earity  of  the  Taenum- 
Tsae  has,  in  tact,  become  smalW. 

' '  This  brings  ns  to  the  Sobject  of  eompensatjon  accomplished  by  gas.  On  tbe  ttfm- 
d^  of  the  Tacnum-nae  bdng  diminished  by  heal,  as  lias  just  been  shewn,  the  gas 
contained  within  it  i%  by  the  same  caoae,  expanded  ;  and,  recisting  tbe  compreaaing 
force  of  tbe  atmoapberic  weight  npon  the  diapbiagms,  keeps  tbem  separated  at  a  duo 


"  The  vaenam-Tase  is  brought  into  a  stale  of  tendon  by  leparatiag  the  diaphragms, 
after  exhaustion,  and  pladng  the  pin  K  OD  the  leier  0,  as  shewn  in  fig.  6.  The  lever 
0  is  then  to  be  pbuxd  on  its  falcrums,  B  B,  and  tbe  ether  end  of  tbe  lever  C  to  rest  on 
the  top  of  the  spiral  spring  S.  The  action  of  the  atmosphere  on  the  Tacunm-Tmsev 
and  the  connection  of  the  latter  with  the  spring  S,  require  to  be  clearly  understood,  in 
order  to  »  perfect  acquaintance  with  tbe  principle  of  tbe  aneroid.  To  illastiate  Hub 
still  fhrtlur,  it  appears  neoetaaiy  to  give  »  diagram  explanatory  of  tbe  theorem. 

Kg.  4. 
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"A  taw  Tordi  may  be  required  for  the  further  illiutntion  of  thii  ntgaet.  Ve 
know  that  the  atmospiieric  prewnre  ii  sbont  16  tba.  to  the  aqnare  inch.  Kow  the 
Tuaum-vue  being  2  (  incha  in  di&meter,  this  earbce  giies  for  it<  product  &  proHOre 
of  ftlMDt  73  lbs.  OD  the  vue ;  thoagh,  &om  man;  c&nsea,  thia  unonnt  of  atmDapherio 
preseura  is  constdnrablj  rednced. 
In  order  to  Ucertain  tiia  Rctnal 
weight  produced  h;  tlie  fttmoa- 
phere  npon  the  inrikce  of  the 
TKuum-TMe,  recouree  nu  had  to 
m  eiperiment  kffordiog  poutiTS 
demonstraticD.  The  hook  of  n 
eteel-jard,  or  spring  weighing- 
machine,  WW  attached  to  the  upper 
pari  of  the  lase  bj  the  pin  E  (Gg, 
6),  nud,  on  being  palJed  np  to  the 
poiot  puallel  to  the  top  of  the 
yue,  shewed  the  weightof  4ilba.i 
which  is,  therefore,  proved  to  be 
the  furie  bj  which  the  lever  C  is 
kept  on  its  futcruma  B  B,  and  on  the  top  of  the  iprin 

"  It  ia  hoped  that  the  principle  of  the  aneroid  has,  from  the  foregung  ei 
been  made  sufficiently  intelligible  ;  and,  if  so,  it  will  be  an  easf  taak  to  describe  the 
remainder  of  the  mechaDiam.  We  will  now  refer  to  the  perspective  drawing  of  the 
intflriot  of  the  machine  :  D  I>,  vacnnm-vase  ;  C  C,  lever,  to  ths  end  of  which  is  attached 
a  vertical  rmf  (I),  which  merel;  servea  to  eonnect  the  lever  C  C  with  the  leiera  (2 
and  3).  These  levers  ore  connected  bj  a  bow-piece  <1).  The  two  sqnais-headed 
■crews  at  t  b  admit  by  acrewingoranscrswingtheiu,  sneh  an  altemUon  of  the  distance 
of  leieraga  as  to  allow  the  hand  of  the  aneroid  to  move  over  a  space  correspoDding 
with  the  scale  of  a  sUndard  mercurial  barometer.  To  the  end  of  the  lever  (3)  is 
attached  a  light  rod,  terminating  with  a  piece  of  fine  walch-chsin,  which  is  attached 
tu  a  email  roller.  On  the  axis  of  this  roller  the  hand  of  the  aneroid  is  firmtj 
fixed,  and  kept  b  its  posiUon  by  means  of  a  flat  spiral  epring,  the  onter  coll  of 
which  ia  Been  attached  to  the  axis.  Thia  flat  spiral  spring,  which  is  always  in  a  stale 
of  tension,  maintains  a  pressare  against  the  force  of  the  lerers,  and  keepa  the  hand 
of  the  aneroid  in  obedience  to  the  indications  of  the  vacnnm-vass.  Were  it  not  fiir 
this  spring,  the  hand  b,  fig.  6,  would  remain  stationary  at  t^e  point  to  which  it  had 
been  propelled. 

"  To  >el  tht  hand  of  Iht  aneroid  to  eormpond  milk  any  other  baromeler. — A,  the 
head  of  the  screw,  figs.  6  and  3,  to  be  considered  as  at  the  back  of  the  case.  Thia 
screw  A,  when  screwed  or  unscrewed,  alters  ths  powtion  of  the  hand,  and  it  not  to  be 
louclied  for  any  other  ptirpote.  It  acta  in  a  piece  of  brass,  seen  at  P  in  fig,  G,  which 
is  prerented  from  turning  round  the  apring  S  by  means  of  a  pin  inserted,  in  the  plate. 
When  the  screw  A  ia  moved,  it  raises  er  depresses  the  lever  C  C,  whence  motion  is 
communicated  to  the  hand, 

"  To  renter  the  variation  o/  (Ae  aneroid. — A  nnt^  as  teen  at  0,  flg.  8,  projects 
throngh  the  centre  of  the  glass,  to  enable  the  observer  to  move  the  gilt  index 
beneath  it.  By  this  gilt  index  the  registration  of  the  hand  is  effected.  The  two 
hands  having  been  placed  exactly  parallel,  by  taming  this  nut,  and  bringing  the  pit 
index  immediately  over  the  hand,  should  the  latter  have  snbseqneDtly  deviated 
either  to  the  right  or  the  le^  the  difference  will  be  the  result  of  increased  or 
diminished  atmospheric  pnusure. 
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Fig.  8. 


"A  leu  oommon,  bnt  letj  cm;  sad  isteresCiog  n>e  oF  tsrometrical  in 
to  uoerlain  th«  ruietj  of  amtadea  troa  the  tarlnoB  of  the  ■«•  ;  to  whii^  pnrpOM  tlia 
kneroid  U,  from  iM  portability,  eidoaivel;  adapted.  B;r  tlie  applicstion  of  thlt 
eleguit  littla  iitstrament,  ma  opportunitf  m 
aSbnled  the  tnTellei  of  leanuDg  ths  1«t«1 
of  tbe  railiraj  aloDg  wbioh  be  U  pumoft 
eveu  at  the  stmoit  ipevd  of  tbe  engiDs.  It 
muBt  be  allowed,  at  loot  that  do  nwreanaf 
barometer,  eaa  aceompliab  Ihii  porpon. 
The  tourist  inaj  b;  the  ome  mesiu  ob- 
wrve  tbe  delicate  moTemeDt  of  tbe  hand  of 
the  aoeroiJ  approaching  from  tbe  vard 
'fkir'  to  'change,'  w  he  uMnda.  Bo 
much  will  thia  uutminent  iaereaee  Uie 
Bgneableueet  of  travelling,  and  rappl;  ita 
pomenor  with  enbjeeta  of  eaterlainmeilt 
uid  mal«riaU  for  bii  joanutl,  that  it  maf 
fsirlj  b«  anticipated  aa  likelj  to  becorm  tbe 
almeat  icdiipenialjle  mmpuiion  of  ererj 
one  who  traieli  dUier  for  knawledje  or 

*'  An  amuaing  eiperimenl  tor  ahowing 
tbe  delicate  seDnbilitT  of  tbe  aneroid,  and 
ita  power  of  meaeming  small  heights,  ma;  be  tried  in  an  onlinarr  dwelling-honaa. 
An;  one,  on  aaccnding  from  tbe  basement  to  the  attjo,  will  perenn  the  gradual 
approach  of  tbe  index  from  'fair'  to  'change,'  kn.,  aa  noUoed  abore  ;  and'ita 
TCtoni  to  ita  original  poutioa,  wbcnerer  he  deacenda  from  the  attia  to  the  hasemenk 
The  tenth  of  an  inch  u  anbdiTided  on  the  faie  of  the  aneroid  into  four  pirta ;  and 
genenUj  apeakiag,  if  the  hand  goes  back  ena-tenth  of  an  inch,  ve  maj  fair);  conclnde 
that  we  have  amended  from  oar  atarting-point  aboat  8S  feet ;  and,  of  conrae,  vice 
vmd.     CalanlatioBa  ma;  be  made  acootding  to  Uiii  propoltion." 
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its  portability,  and  the  simple  mode  of  finding  any  height,  provided  the  altitude  does 
not  exceed  2000  feet. 

The  means  of  reading  the  dirisions  more  accurately,  in  the  aneroid,  mast  be 
obtained  before  very  accurate  and  small  differences  of  height  can  be  measured  by 
them  :  perhaps,  if  some  traciog-paper,  with  the  divisions  marked  to  correspond  with 
the  dial-plate,  were  fixed  on  the  glass  by  a  little  gum,  the  position  of  the  hand  would 
be  accurately  ascertained  ;  for  at  present,  the  eye  being  placed  to  the  right  or  leffc^ 
will  cause  a  variation  in  the  reading. 

Major  Bobbson  found  that  temperature  had  an  effect  upon  the  aneroid  he  used, 
amounting  to  0 '01  of  an  inch  for  every  five  degrees. 

a.  Q.  L. 


MULE  FOR  BURDEN.* — The  mule  is  the  best  beast  of  burden  in  a  cam- 
paign. He  is,  perhaps,  naturally  obstinate  and  intractable,  but  he  possesses  many 
valuable  qualities  to  compensate  for  these  defects.  He  is  strong,  temperate,  bears 
great  heat,  sure-footed,  easily  fed  and  got  into  good  condition,  but  very  delicate  about 
the  water  he  drinks.  He  does  not  stand  fire  so  well  as  the  horse,  and  is  consequently 
not  so  well  adapted  for  draught  in  Field  Artillery  ;  but  for  Mountain  Artillery  he  is 
admirably  suited. 

The  mule  is  seldom  sick,  but  when  so,  it  is  frequently  fatal ;  he  usually  commences 
work  at  three  years  old,  though  four  is  a  better  age,  and  he  continues  able  to  work  till 
about  twenty-five. 

The  produce  of  the  male  ass  and  the  mare  is  preferred  to  that  of  the  horse  and  the 
ass,  being  much  larger  and  more  powerful,  but  not,  for  his  size,  stronger.  They  may 
be  easily  distinguished  by  their  resemblance  to  their  sires  :  the  former  also  brays,  and 
the  latter  neighs. 

The  mule,  in  Military  Service,  carries  a  cargo  of  from  200  to  300  lbs.,  with  which 
he  can  conveniently  travel  eight  leagues  (of  three  miles  each)  a  day,  at  three  to  four 
miles  per  hour,  which  is  as  fast  as  any  infantiy  can  travel. 

With  light  loads  he  can  keep  up  with  cavalry  at  a  trot,  from  four  to  six  miles  per 
hour. 

Mules  may  be  divided  into  three  classes  : 

Can  carry 

Ist  class.  From  eight  to  twelve  years  old,  a  little  more  or  less  ....     800  lbs. 
2nd  class.  Twelve  years  and  upwards,  and  from  five  to  eight  years  old     .     250  ,, 
3rd  class.  Young  mules  under  five  years  old,  and  very  old  mules  .     .     .     200  ,, 

In  a  campaign  subject  to  forced  marches,  indifferent  food,  and  bivouacking,  from  200 
to  225  lbs.  are  considered  a  sufficient  load  ;  because  the  muleteer,  when  out  of  sights 
is  very  apt  to  ride  on  the  mule. 

In  Spain,  the  mules  are  used  for  draught  instead  of  horses,  even  in  carriages  :  the 
female  is  preferred  for  this  purpoee,  as  being  more  tractable  than  the  male,  though  not 
HO  strong. 

Those  bred  in  La  Mancha,  and  those  bought  at  the  fiiirs  of  Padua  in  Ghilicia,  and 
Zamora,  and  fed  in  the  pastures  of  La  Manoha,  are  preferred  for  this  purpose. 

The  mule  varies  from  thirteen  to  sixteen  hands  high,  and  sometimes  even  exceeds 
this  height.     The  ordinary  price  is  from  £10  to  £30,  and  even  £60  is  fr^uently  given 


By  the  Ute  Colonel  Aldenon,  R.E. 
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il2  HUaSETS   AND   UCBKBTBT. 

when  broken  in  for  th«  curiige^  It  ii  the  eiutom  to  clip  tbs  mule  tor  earga  OT«r  tha 
back,  breast,  aod  tbiglia  :  tbat  u,  ovtz  each  part  touched  by  tha  paok-aaddJ^  thi 
bnoat-platst  and  breecbiog,  to  pnTsot  aore  backa  and  gaUiog. 

The  pack-aaddle  irdgha  abont  SO  Iba.  :   there  are  Tariooa  modea  of  loadiog. 

let.  A  pair  orpannieta  of  gnn,  of  ■  briutgoUr  or  nagar-loaf  form,  with  the  peak 
dovnirards,  tbrowo  orer  tbe  pack-iaddle,  tha  two  poinla  being  connected  b;  a  rope 
imd«r  tbe  belly- 

Sodlf .  Bf  tvo  bale*,  pcrtmaateaDi,  csoteens  or  ammunition  boxea,  containing  1000 
MDDda  of  ball-cartridge  «ach,  or  other  hearr  lubitaDoe*  of  nearl;  equal  weighta,  w  m 
to  balance  each  other.  Theac  are  Bnipeoiled  on  each  aide  of  the  ridge  of  tha  back,  aa 
high  aa  poamble,  b;  meani  of  ropes  passed  round  them.  Buch  other  Ugbt  article*  M 
are  required  la  make  ap  the  toad  are  placed  on  the  back,  between  the  two  )u»,jj 
artielea  preserring  the  balance. 

A  woollen  eoTer,  or  tarpaulin,  is  tbeu  placed  orer  all,  and  corded  tight. 

When  the  mule  is  strong,  or  the  load  light,  the  muleteer  jumps  upon  the  pommel  of 
the  leading  male,  haTiag  on^  two,  or  more  ^slened  bjr  their  halleia  to  tbs  pack  of  tLs 
mule  in  front  of  them. 

Srdly.  By  small  panniers,  or  baskets  of  wicker-work,  two  or  three  on  each  side,  oon- 
Dented  together,  and  nupended  by  loops  and  toggles.  This  ia  the  general  mode  of 
loadiog  a  sumpter-mule  ;  and  if  lightly  loaded,  he  will  carry  your  cook,  who  will  be 
itady  to  select  jour  Ullet  and  prepare  yaor  fond. 

4thly.  By  two  Urge  r«ct«ngiUar  panniers,  like  a  writing-case,  or  lady's  reticule,  and 
made  of  itjS  portmanteau  leather,  with  or  without  partitions  in  them.  They  are 
loaded  in  a  momtnt,  like  thoae  of  tbe  sompter-mnle,  with  loops  and  tf^ea,  by  two 
persons,  one  on  each  side,  lifting  them  at  the  same  time  :  the  mule  is  then  ready  to 

Id  oountries  wliere  yon  cansct  be  certain  of  obtwning  a  regular  muleteer,  as  in  Spun, 
Ac,  this  last  u  by  far  the  simplest  and  best  plan  ;  ths  panniers,  howeTer,  should  not 
be  made  loo  large,  orthey  will  carry  their  woght  too  low,  which  is  their  only  Guilt, 
and  become  iueonteDinnt  in  crossing  fords. 

The  mules  of  Syria  are  mnch  less  than  those  of  Spain,  and  incapable  of  carrying  tha 
same  weight ;  therc^  howerer,  nature  has  provided  the  camel. 

S.  A. 
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i4A  MDBKBTB    AND    MUBKXTBY. 

It  is  hardl;  nesttaij  nov  to  go  into  an  alaborate  argunieDt  to  pTOTS  thftt — to  long 
u  v&r  is  >  ealamit;  wLieh  wa  are  unable  to  prerent— it  it  not  on);  the  part  of 
wisdom,  but  alw  oF  hnmanitj,  to  nwke  the  weapons  employed  as  perfect  ni  pouiblc^ 
oftheirBCTCralklDda;  for  eipericnce  and  b i story  alike  fall j  shoir,  that  the  sUogbter 
has  always  been  greatest  where  the  combat  has  most  partaken  of  i  hand  to  Laud 
character.  Hor  need  wa  go  out  of  the  way  .to  meet  the  objection  which  baa  be«n 
raised  by  thaadTOcatesof  "BrownBesa,"  that  it  was  BoffitaeE^y  good  forita  parp*)"^ 
aod  thai,  if  the  ordinary  rank  and  file  were  armed  with  weapons  of  a  higher 
deteription,  they  wonld  be  anre  to  make  soma  mistake  in  use,  and  t^at  thna  the 
Tery  perfection  wonld  tend  to  OTil ;  for  it  has  been  clearly  shown  tlmt  mast  British 
•oldieia,  when  properly  tr«nod,  are  qait«  capable  of  naing  the  improTed  weapon 
with  great  satisfaction  to  themscWcs  and  adrantB^  to  the  sernce.  This  fraini'ii^, 
howeier,  ii  i^ioiately  neetuary,  and  too  great  attention  cannot  be  giTan  to  perfecting 
and  extending  the  system  of  instrnctioD  now  carried  on  at  Hythe,  and  thence  gradoally 
exerting  an  iaflaence  over  the  whole  army. 

It  will  DOW  be  aaaumed  as  granted,  that  it  ia  expedient  to  bare  the  moBt  perfect 
firearm  possible,  i.e.,  one  combining  strength,  lightness,  dnrability,  and  eaae  and 
rapidity  of  loading,  with  accaracy  of  fire,  and  freedom  from  fonling  after  any  omonot 
of  firing ;  and  further,  that,  having  snch  a  weapon,  it  is  also  necessary  to  render  the 
soldier  as  innch  as  possible  master  of  it,  so  as  to  ose  it  to  the  best  advantage.  Before, 
however,  proceeding  to  this  part  of  the  Bulyect,  a  few  remarks  will  be  made  on  the 
firelocks  in  nse  at  TsHona  periods. 

After  the  introdactioD  of  gunpowder,  the  long  and  cross-bows  gradoally  vent  out 
of  use,  being  enperseded  by  the  matchlock,  which  was  employed  many  yean,  till  the 
separate  mateh  waa  discontinned,  and  the  flint-lock,  set  in  motion  by  a  trigger,  was 
■nbstituted.  This  arrangement  contioued,  with  slight  occasional  improTcments  in  the 
aetoal  workmanship— but  still  liable  to  the  very  serious  fanlt  of  frequently  miaaing 
fire — nntjl  1842  ;  at  which  time  a  great  advance  was  made  by  snbatitnting,  for  die 
flint  snd  steel,  the  percussion  cap  and  hsmmer,  by  which,  altJionsh  greatly  objected 
to  by  some  who  thought  every  novelty  an  error,  a  considerabta  improvement  was 
effected  in  the  oertsjoty  of  the  musket.  Tet  still  the  most  serious  evil  continacd, 
viz.,  that,  in  eonsequenoe  of  the  great  windage  necessarily  given  to  smoiith  bore 
mnaketa,  to  allow  for  fonling,  the  bullet  did  not  leave  the  mniile  of  the  firelock  with 
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first  ftttempto  was  that  of  making  the  bore  of  the  muakei  hexagonal,  and  casting  a 
ballet  having  the  diameter  of  the  inscribed  circle ;  which  bullets  therefore  filled  up 
the  whole  space  except  the  small  grooves  or  angles  of  the  hexagon,  where  the  foulness 
was  deposited  without  clogging  the  barrel. 

Further  investigation  led  to  the  conclusion  that  to  ensure  greater  accuracy  it  was 
necessary  to  make  the  grooves  in  a  spiral  form,  and  to  raise  ridges  or  belts  on  the 
surface  of  the  bullet  which  should  fit  the  grooves,  and  cause  the  bullet  itself  to  rotate 
on  an  axis  nearly  coincident  with  that  of  the  bore  ;  by  which  means  the  inequalities  of 
surface  or  mass  would  be  constantly  turned  on  different  sides,  and  thus  equalise  the 
flight  in  a  considerable  degree.  This  arrangement  had  to  a  certain  extent  the  desired 
effect ;  but  the  great  force  required  to  overcome  the  friction  caused  by  the  belts,  in 
ramming  down  the  bullet,  rendered  the  wefipon  unsuitable  for  the  line,  and  caused  it  to 
be  confined  to  a  comparatively  small  number  of  riflemen  or  marksmen,  trained  to  act 
in  some  degree  independently. 

In  1851,  the  first  great  step  in  advance  was  taken  by  the  introduction  of  the  Mini6 
rifle  or  musket,  with  which  a  few  companies  were  armed,  and  the  principle  of  which 
has  been  since  then  further  carried  out. 

The  great  advantage  of  the  class  of  weapons  known  by  this  general  designation  is, 
that,  while  the  loading  is  performed  with  quite  as  much  ease  as  in  the  smooth-bore 
musket,  the  bullet,  when  fired,  fits  into  the  grooves  and  acquires  the  same  rotatory 
motion  that  was  gained  by  the  old  rifle  and  its  belted  ball.  This  is  caused  by  the 
force  of  the  explosion  in  rear,  and  the  resistance  of  the  air  in  front,  compressing  the 
bullet  in  the  direction  of  the  line  of  fire,  and  consequently  enlarging  it  in  a  lateral 
direction ;  by  which  it  is  made  to  fill  the  grooves,  and  thus  altogether  remove  the  effects 
of  windage.  The  bullet  for  this  rifle  is  cylindro-conical,  and  has  a  deep  cavity  in  rear, 
filled,  in  the  case  of  the  actual  Mini6,  with  an  iron  cup  introduced  into  the  cavity,  on 
the  supposition  that  it  was  required  to  ensure  the  expansion  of  the  lead.  Subsequent 
experiments  induced  the  conclusion  that  the  Mini6  was  needlessly  heavy  and  the  cup 
unnecessary  and  expensive  ;  consequently  the  Enfield  Rifle  was  adopted,  with  a  smaller 
bore,  a  bullet  longer  in  proportion  to  its  diameter,  and  without  a  cup. 

Since  then,  some  dissatisfaction  has  arisen  in  the  use  of  this  bullet,  and  it  has  been 
also  formed  with  a  cavity,  but  of  a  different  form  from  that  of  the  Mini6,  and  filled 
with  a  small  wooden  plug  in  the  form  of  a  conic  frustum ;  but  great  doubts  are 
expressed  by  many  good  judges  as  to  the  propriety  of  restoring  the  cup. 

One  important  advantage  of  the  solid  conical  bullet,  over  the  hollow  one  with  a  cup, 
is  that  the  former  can  be  easily  cast,  if  necessary,  on  service,  while  the  construction 
of  the  cavity,  and  cutting  or  turning  the  little  cup  of  wood  or  iron,  require  skilled 
workmen  and  proper  tools. 

The  Enfield  is  the  weapon  treated  of  in  the  following  pages,  not  on  account  of  its 
superiority  to  others,  but  because  it  is  that  at  present  chiefly  used  in  the  Service  by 
the  Infantry  of  the  Line.  Superior  accuracy  and  rapidity  of  fire  have  been  claimed  for 
the  Whitworth,  the  Bouchier,  and  the  Lancaster  Rifles,  all  of  which  have  bullets 
without  cups  or  plugs.  The  last  is  used  by  the  corps  of  Royal  Engineers,  and  has 
been,  on  many  occasions,  tried  in  the  roughest  practice  and  under  very  unfavourable 
circumstances.  It  is  stated  to  have  almost  invariably  shown  a  higher  result  than  the 
Enfield,  except  when,  during  one  set  of  trials,  the  bullets  stripped  in  consequence,  as 
it  is  believed,  of  the  grease  employed  being  mixed  with  wax. 

The  main  points  now  in  qaestion,  with  reference  to  the  rifle,  seem  to  be  whether  the 
grooves  shall  be  broad  and  shallow  or  narrow  and  deep  ;  and  as  to  the  bullet^  whether 
it  shall  be  formed  with  or  without  a  oavity  in  the  rear,  and  with  or  without  a  plug. 
On  th^e  points  a  comparison  of  the  different  experiments,  and  the  aiigumentB  adduced 
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OD  botb  ndes,  sppsftT  to  ihow  that,  kltlioiijti  the  irMpmu  with  deep  narrov  groorca 
ud  plugged  bnlleti  have  giren  a  lery  good  resolt,  when  used  e&rafollj  uid  not  too 
Img ;  jet,  to  mpport  eontinaed  roagh  usage  and  rapid  firing,  the  broad,  aballoir  fnmivi 
withont  aDglea,  and  the  solid  bQlli>ta  are  to  be  preftrred ;  the  latter  haTing  also,  u 
before  nid,  the  tdditional  adrantage  thst  the;  can,  it  oeoeasaTT,  on  lerriae,  be  east  in 
the  ordinary  muinec.    Further  carefnl  eomparieon  is  however  required  before  deeiding. 

In  order  to  remoie  fonliog,  which  is  the  evil  meet  to  be  dreaded,  the  following 
method  haa  been  (niMemfalljr  praetiied.  As  soon  aa  the  barrel  ia  foand  to  be  a  little 
frinl,  the  rifle  is  loaded  without  removing  the  paper  left  after  pooring  the  powder  into 
the  hurel.  If  the  fint  round  fired  in  this  waj  does  not  enoceed,  the  aeoond 
gemrsll;  will  do  so. 

The  Didiuarj  mode  of  loading  ia  to  bite  off  the  twiited  paper  ooTering  the  powder, 
pour  the  powder  into  the  barrel,  rererae  the  ball,  and  enter  it  into  the  barrel  to  the 
depth  of  the  cjlindrieat  part,  then  tear  off  the  paper  not  required,  and  t*m  down 
lightly ;  but  it  appears,  b;  the  practice  in  the  Eojol  Laboratory,  that  it  aiuwers 
equally  wall  (inetead  of  biting)  to  bold  the  cartridge  in  the  right  hand  and  tear  off  tlie 
paper  with  the  forefinger  and  thotnb  of  the  left  band,  which  ie  grasping  the  rifle  kt 
the  aame  time. 

The  following  ie  taken  from  the  oonrae  of  inttmction  aullwiiaed  by  Eia  Boyal 
Highneae  the  Commander-in-Chief. 

'OENEEAL   COURSE   OF    INSTRCCTION. 

Then  the  reemit  haa  attained  a  knowledge  of  the  "  platoon  "  eierdie,  whioh  ia  tv 
be  taught  by  the  adjutant  and  aei^eant-major,  hie  eoniaa  of  miuketry  drill  and  praetioa 
la  to  be  proceeded  with  according  to  the  following  lyatem. 

To  (hii  great  object  too  mnch  care  and  attention  Cannot  be  devoted.  The  rifle  in 
placed  in  the  ■oldier'i  hands  for  the  deatniction  of  hie  enemy  ;  hia  own  safety  dependa 
upon  hia  efficient  use  of  it ;  it  cannot,  therefore,  be  too  strongly  inculcated,  that  every 
man  who  has  no  defect  in  his  eyea,  may  be  made  a  good  shot ;  and  that  no  decree  of 
perfection  be  may  have  attained  in  the  other  parts  of  hia  drill,  can  upon  tervioe 
remedy  any  want  of  proficiency  in  thie  ;  intaotall  hia  other  instractions  in  marching 
and  maocenvring  can  do  no  more  than  place  him  in  the  beet  ponible  ailnation  for  oaing 
with  Lfftiit.      A  aol Jier  who  cminut  shoot  ia  Bseleaa. 
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and  the  roles  for  cleaning  and  keeping  them  in  proper  order.  Too  ^nneh  paina  oannot 
be  taken  to  impress  npon  the  minds  of  the  men  the  necessity  of  preserring  their  rifles, 
at  all  times,  in  the  highest  condition,  and  the  impossibility  of  prodncing  accurate 
shooting  with  them  when  dirty. 

Put  a  little  water  in  the  barrel,  rub  the  ramrod  up  and  down  in  it  to  remore  the 
dirt,  and  wipe  out  with  rag  or  tow  until  it  is  perfectly  dry,  and  afterwards  with  an 
oiled  rag  ;  then  put  the  mnule  stopper  in  the  barrel,  and  the  snap-cap  on  the  nipple. 
Care  should  be  taken  to  keep  the  snap-cap  dry  when  washing  out  the  barrel,  and  to 
wipe  the  mouth  of  the  hammer  before  letting  it  down  on  the  snap-cap.  The  barrel  it 
always  to  be  wiped  clean  and  dry  before  use. 

The  fouling  which  settles  on  the  stock  near  the  nipple-lomp  when  firing  should,  if 
possible,  be  remoTed  without  using  water  or  a  damp  rag.  On  no  account  is  a  knife  or 
sharp  instrument  of  any  description  to  be  used  to  remore  the  dirt  near  the  nipple- 
lump  or  trigger-plate. 

By  the  foregoing  mode  of  cleaning,  the  liability  of  the  barrel  to  become  rusiy  will  be 
▼ery  much  reduced,  and  the  frequent  necessity  for  removing  it  from  the  stock,  which 
is  always  objectionable,  be  obviated. 

In  order  to  prevent  water  soaking  into  the  stock,  and  at  the  same  time  to  give  it  a 
smooth  and  polished  appearance,  rub  it  over  well  with  oil,  and  apply  a  little  bees- 
wax between  it  and  the  barrel,  and  between  the  lock -plate  and  stock,  to  prevent  water 
getting  under  the  barrel  or  into  the  lock. 

In  order  to  ensure  a  true  and  easy  action  of  the  lock,  the  several  pins,  pivots,  &c 
should  be  perpendicular  to  the  lock -plate,  which  is,  or  should  be,  a  perfect  plane. 

PuU-off. — It  is  erroneous  to  suppose  that  by  loosening  the  sear  or  any  other  pin,  an 
easier  or  lighter  pull-off  is  obtained  ;  such  a  measure  is  only  calculated  to  impair  the 
lock,  by  causing  an  increased  wear  and  tear  of  the  parts,  which  are  thereby  thrown 
out  of  truth.  When  the  pull-off  is  too  great,  either  the  full  bent  and  sear-nose  are 
not  well  adapted  to  each  other,  or  the  sear  spring  is  too  strong  ;  these  defects,  which 
cause  an  alteration  of  the  aim  when  firing,  are  easily  rectified  by  the  armourer  when 
necessary,  but  must  never  be  attempted  by  the  soldier. 

Wood-bound.  — The  lock  is  said  to  be  wood-bound  when  the  parts  are  embedded  in 
the  woodwork  of  the  stock,  and  are  thereby  prevented  from  exercising  their  proper 
functions.  This  defect,  while  it  may  arise  from  the  swelling  of  the  wood  in  damp 
weather,  or  if  exposed  to  wet,  is  often  occasioned  by  screwing  the  lock  too  tightly  to  the 
stock.  The  side  nails,  as  also  the  pins  of  the  lock  when  screwed  home,  should  not 
protrude  beyond  the  outer  side  of  the  lock-plate.  The  ends  of  said  nails  and  pina 
(except  the  bridle-pin,  which,  being  flat,  should  be  flush)  are  rounded  off  to  the  lock- 
plate,  and  present  no  ed^M. 

Mia-firet.  —The  non -explosion  of  the  percussion  cap  is  often  attributed  to  the  weak- 
ness of  the  mainspring  ;  this  may  sometimes  be  the  case.  In  the  majority  of  instances, 
however,  the  defect  may  be  traced  to  the  dirty  or  rusty  state  of  the  tumbler-axle-hole, 
and  axle  of  tumbler,  which  necessarily  impedes  the  fall  of  the  hammer,  and  conse- 
quently reduces  the  force  of  the  blow  that  is  essential  to  explode  the  cap  ; — and  fre- 
quently from  the  cap  not  being  pressed  firmly  home  on  the  nipple,  which  prevents  the 
hammer  acting  with  full  effect. 

The  non -ignition  of  the  charge  by  the  cap,  very  often  arises  from  an  accumulation  of 
dirt  at  the  base  of  the  touch -hole. 

These  causes  of  miss-fire  point  to  the  necessity  of  great  care  being  taken  in  cleaning 
the  rifle,  to  prevent  dirt  remaining  in  the  touch-hole,  or  water  entering  the  lock  by  the 
axle  hole  ;  and  of  attention  being  paid  to  the  instructions  for  capping. 

MiiS'firu  may  be  also  occasioned  by  the  communication-hole  (thai  it,  the  hole  by 
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vhiob  the  debmaling  apack  i>  oourti^  to  the  ohu-ge),  not  being  ot  niSiisit  us — 
or  bj  the  nipple-xmr  btuag  too  long  ;  the  (WDBequenoe  of  which  would  be  tiuti  when 
■orewed  down,  it  would  shot  up  >  put  ot  the  commaiiicstion-bole,  tad  prarait  the 
powder  from  getting  into  the  chamber  ;  or  from  the  nipple  being  too  Urge  for  the  ckp. 
Tlieee  defect*  ehonld  be  remedied  hj  the  armourer. 

The  iddiec  ahould  be  eorefol  to  Me  that  his  nipple  iein  good  order,  u  the  inibuetor 
will  Detonlly  attribate  "miae-Grei "  to  a  dirtjr  rifle,  vhioh  nurki  the  imttetitiro 
toldier,  and  exposea  lum  to  pnaiebmGDt. 

The  harrtl. — The  loldier  owmot  be  too  caiefol  of  the  buiel  of  hii  rifle  to  pnvral 
ita  being  bent  or  dented,  either  of  viiich  defacta  ia  ver?  lerioua  aa  regards  aceonrte 
ahooting,  and  leldom  oocun  eioepb  from  eareleaaiiesa  ;  if  he  euapeela  that  hia  baird  ia 
Mtber  buit  or  dented,  he  ahould  report  the  cinHUnatance  immedial«lf. 

The  soldier  ia  on  do  aoconnt  whateTer  to  lue  hia  riSe  for  oarrjing  aoj  vsigiit,  at  lor 
anj  purpoaa  for  which  it  is  not  intended,  aa  the  barrel  ia  bent  tet;  eaaily. 

I^aoiog  anna  foreibl;  in  a  rack,  or  piling  them  careleo];,  in  coUKquence  of  whiofa 
th^  often  fall  down,  will  freqaentlj  set  or  orook  the  barrel,  more  parUcslaily  at  tiie 
anEzle,  where  it  ii  theUunnest ;  and  thia  being  the  point  of  deliTcrj,  the  arm  beMiaea 
Iirepaiablj  damaged. 

Care  should  be  taken  to  pioteat  the  fore'sight  from  being  bent,  blnnled,  or  injurad 
in  aoj  waj. 

If  the  interior  of  the  barrel  be  allowed  to  become  rust;,  the  increased  reaistanoe  to 
the  paaaago  of  Uie  bullet  will  probably  casio  the  latter  to  "atrip  "  (orpasa  out  of  the 
grooring),  or  else  the  wood  ping  ma;  be  driren  through  the  bullet,  and  the  arm  for  the 
time  rendered  naelesa.  East  in  tbe  barrel  will  atso  preient  the  proper  ezpaoaioo  of 
the  bullet,  and  impair  ita  rotation,  which  is  essential  to  prodnce  accurate  shooting  ;  it 
will  Ukewiae  lender  the  rifle  difficult  to  load.  If  a  soldier  cannot  preTent  this,  bf 
keeping  bia  barrel  clean,  he  is  not  fit  to  be  entnisted  with  a  rifle.  Kust  ia  canaed  bj 
the  joint  eSecla  of  moisture  and  air ;  the  aurest  waj,  therefore,  of  preTcnting  rust  in 
ibe  barrel  is  to  ktep  the  bore  peifecUj  drj,  and  inTariablj  to  bave  the  muiile  stopper 
in  it,  and  the  anap-cap  on  the  nipple,  so  aa  to  exclude  all  air. 

The  soldier  ahould  be  enjoined  to  be  careful,  when  akinniahing,  tiot  to  mn  the 
mnsile  of  the  barrel  into  the  ground  j  should  he  accidental!;  do  so,  be  ahoold  aak 
n  to  &11  out  to  remore  the  dirt,  for,  if  the  rifle  be  fired,  the  obatniction  >o 
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Neither  the  grease  nor  the  peg  will  in  any  way  impede  the  action  of  the  pereiwion  c^ 
if  properly  pressed  home  on  the  nipple,  as  both  will  disappear  on  the  explosion. 

No  non-commissioned  officer  or  private  is  on  any  account  whatever  to  be  allowed  to 
remove  his  lock  from  the  stock,  and  take  it  to  pieces,  until  he  is  thoroughly  acquainted 
with  the  foregoing  instructions  in  detail,  and  has  been  officially  certified  by  the  officer- 
instructor  to  be  capable  of  doing  so  accurately  and  efficiently.  As  the  bairel  seldom 
needs  removing  from  the  stock,  this  service,  which  requires  great  care  in  its  execu- 
tion to  prevent  the  head  of  the  rifle  from  being  broken,  is  invariably  to  be  performed 
by  the  regimental  armourer  or  his  assistant,  more  particularly  as  the  ordinary  torn- 
screw  is  not  adapted  either  to  remove  the  breech  pin,  or  to  screw  it  home  again. 


Theoretical  Principles. 

This  branch  of  the  instruction  is  specially  confided  to  the  officer-inttructor,  who  is 
to  explain  the  principles  thereof  in  the  following  order,  in  a  clear  and  concise  manner, 
and  in  language  suited  to  the  capacity  of  the  men,  as  it  is  most  important  that  they 
shoald  well  understand  the  reasons  for  all  those  rules  which  have  to  be  attended 
to  in  practice. 

A  black  board  and  a  piece  of  chalk  are  made  use  of  to  describe  the  figures. 

The  instructor  is  first  to  explain  the  construction  of  the  barrel,  as  far  as  is  neces- 
saiy,  to  show  that  the  upper  surface  does  not  lie  in  the  same  directicm  as  the  inside  or 
bore,  with  a  view  hereafter  to  show  that  the  barrel  thus  constituted  gives  elevation  in 
itself: 

That  the  ''axis  of  the  piece"  is  an  imaginary  line  along  the  oentre  of  the  barrel, 
which  denotes  the  course  taken  by  the  oentre  of  the  bullet  whilst  under  the  influence 
of  the  exploded  powder,  and  the  distance  and  direction  in  which  it  is  guided  in  its 
flight.     A  B,  fig.  1,  plate  1. 

That  the  ''  line  of  fire  '*  is  the  direction  in  which  the  bullet  would  fly,  and  with 
uniform  velocity,  were  it  not  impeded  by  the  resistance  oi  the  atmosphere,  and  drawn 
from  it  by  the  force  of  gravity.    B  C,  fig.  1. 

The  instructor  will  now  proceed  to  explain  that  the  atmosphere  is  an  elastic  fluid, 
consisting  of  a  multitude  of  small  particles  which  cannot  be  moved  or  set  aside  by  the 
bullet,  without  imparting  to  it  some  degree  of  reactionary  force,  and  thereby  reducing 
at  every  moment  the  velocity  of  its  flight ;  and  that  the  greater  the  velooity  with 
which  the  bullet  is  proceeding,  the  greater  is  the  resistance  it  meets. 

That  the  ''force  of  gravity," — a  power  which  draws  all  unsupported  bodies  to  the 
earth, — commencing  to  act  upon  the  bullet  as  soon  as  it  quits  the  muszle,  draws  it 
towards  the  ground  with  greater  velocity  in  proportion  to  the  time  it  is  exposed  to 
its  influence. 

That  these  two  distinct  motions, — ^the  one  increasing  as  the  other  diminishes, — 
cause  the  bullet  to  move  in  a  curved  line  called  the  "  trigectory ;  **  that  for  a  short 
distance,  in  consequence  of  the  great  velocity  of  the  bullet  in  its  forward  motion,  aad 
the  comparatively  short  time  that  gravity  has  had  to  act,  tlie  course  of  the  bullet 
scarcely  deviates  from  the  line  of  fire  ;  and  that  the  curve  increases  more  and  more 
in  proportion  as  the  bullet  becomes  more  distant  from  the  muzzle.     B  D,  fig.  1 . 

The  instruotor  will  next  proceed  to  show  how  a  knowledge  of  the  laws  referred 
to  above  can  be  applied  in  practice.  He  will  first  cause  the  men  to  observe  that  if 
the  ' '  axis  of  the  piece  "  is  directed  upon  an  object,  the  bullet  will  never  hit  it^  but 
for  the  reasons  before  explained,  will  always  pass  below  it  As  therefore  it  has 
been  found  by  experiment  that  in  the  first  100  yards  the  bullet  fidls  about  1  foot  5 
inches,  it  will  be  necessary  that  the  line  of  fire  should  be  directed  to  a  point  1  foot 
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S  incLea  abors  the  mark  it  is  de«T«d  to  hit  at  that  distanec  ;  in  whkh  cm*  tlie 

"  tr^eotorj,"  oooforminj  to  tlie  moTcmeot  of  the  line  of  fin,  will  alio  be  raiaad 
1  foot  5  inches,  and  thg  ballet  vill  itrike  tha  mark. 

la  the  BMODd  pUce,  it  is  eipluned  that,  to  fire  with  aMnrtCT,  >'  i"  neeeaaarr  the 
dghts  ahoalil  be  cartfuU;  aligned  hetveea  the  e;e  and  the  mark  ;  that  if,  howerer, 
the  Hghts  on  the  npper  anrfaca  of  the  barrel  were  «o  constrQCled  >a  to  be  in  the 
nine  diiection,  or  in  other  wocda,  parallel  to  tha  axis,  or  if  the  barrel  were  ai  thick  at 
tlie  mnule  ae  at  the  breech,  it  wonld  then  be  necessarj,  at  100  jarda,  to  aim  1  foot  6 
inebea  above  the  mark  ;  but  that  b;  doing  ao,  the  filer  would  loee  aight  of  aajd  mark, 
and  cooaeqnently  be  nncertain  of  hia  eairect  etevatiOD.  That,  to  obriate  this  difficulty 
and  dnwhack  to  accurate  ahooting,  the  height  of  the  lowest  back'sight  of  the  rifla  ia 
•0  arranged,  that  (together  with  the  difference  ie  thicknesa  of  metal  of  bantl  between 
the  breech  and  mnule)  when  aim  ia  taken  atnught  at  an  oltject  100  jsrda  diatanl^ 
the  "axis  of  the  piece"  receivea  the  necessary  degree  of  eleTatinn.    C  G  H,  Eg.  1. 

Hepr«c«eda  to  ahew  that  if  the  100  yards'  sight  were  nsed  to  Great  a  mark  tOO  yards 
off  (um  bong  taken  straight  on  the  object),  the  bnllet  wonld  pass  below  ii^ — with  k 
TJew  to  prove  that  the  100  yards'  sight  does  not  give  a  aafficient  eleyalion  for  the 
inereased  distance.  It  is  ei plained  that  aa  at  the  distance  of  100  yards,  ao  at  all  other 
greater  diatancea,  the  "  line  of  fire  "  must  be  directed  aa  mnch  above  the  object  aa  the 
bnllet  paaaea  below  the  said  line  «hen  laid  Aoritanlatly  at  those  distances;  and  that 
In  order  to  enable  the  firer  to  aim  straight  at  the  murk  at  all  distances,  the  b«ck- 
Hght  is  made  capable  of  a^juatment  by  means  of  a  flap  and  sliding-bar,  and  thaa 
becomes  available  for  all  ranges  from  100  to  SDO  yards  ;  ao  that  if  the  firer  ia  certain 
of  his  distance,  and  adjosts  his  sight  accordingly,  he  need  not  trouble  himaelf  about 
the  eloiaUon,  which  is  arranged  for  him  in  the  coDstmction  of  the  aigkta.  He  shews 
farther  that,  for  distances  beyond  9O0  yards,  the  £rer  must  determine  the  eleration 
by  raising  his  eye  as  much  aboTe  the  back-sight  as  he  may  think  neceeaary,  always 
keeping  the  fore-ught  in  line  with  the  object ;  and  if  under  100  yards  (H,  fig.  1), 
that  allowance  mnst  he  made  for  the  slight  rise  of  the  "tnyectory"  above  the  "line 
of  aight,"  by  aiming  a  few  inches  under  the  mark  ;  via.,  aboat  8  iocbea  will  be 
anffident  at  AO  yards,  and  about  4  inches  at  '30  yarda. 

A  simple  method  of  practically  illustrating  the  principles  which  regulate  the  a^jaat- 
ment  and  podtion  of  the  sights  is  by  means  of  a  model  gun,  having  a  small  spring  in 
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musket.  After  this,  raise  the  folding  right  and  the  eye,  without  altering  the  poritlon 
of  the  gnn,  until  the  fore-sight  is  in  a  line  with  the  bull*B-eye  ;  then  raise  the  slidmg 
bar  to  the  height  of  the  eye,  and  make  a  mark  on  the  flap  to  show  the  elevation  due  to 
the  distance  of  four  feet,  so  that  when  it  is  again  intended  to  fire  at  this  distance,  the 
firer  has  only  to  raise  the  sliding  bar  to  the  mark  on  the  flap,  and  aim  straight  at  the 
object.  Let  the  gun  now  be  removed  to  a  distance  of  about  eight  feet,  and  make  use 
of  the  same  sight  that  has  been  previously  adjusted  for  four  feet,  when  it  will  be  seen 
that  the  bullet  or  dart  will  strike  low,  thereby  showing  the  necesrity  of  using  a  higher 
back-sight  for  this  distance,  and  the  importance  of  knowing  correctly  the  distance  from 
the  mark,  in  order  to  regulate  the  sight  accordingly.  The  stand  on  which  the  gun  is 
fixed  (Fig.  10,  plate  2)  should  have  a  hinge  at  A,  to  enable  the  instructor  to 
demonstrate  the  effect  of  inclining  the  sights  to  one  ride;  to  be  treated  of  in  the 
following  paragraphs. 

In  order  to  explain  the  foregoing  sections  on  the  ''line  of  right**  more  thoroughly, 
the  instructor  will  cause  the  breech -pin  to  be  taken  out  of  a  barrel,  and  a  plug  of 
wood,  with  a  hole  bored  in  the  centre,  substituted  in  its  place,  and  put  on  the  muzrie 
a  cap  or  ring  fitted  with  cross  wires  ;  he  will  then  place  a  barrel  on  a  traversing  rest^ 
and  cause  the  men  to  aim  with  the  900  yards'  sight  at  a  spot  on  the  wall  or  black- 
board, and  afterwards  to  look  through  the  barrel,  with  a  view  to  observe  the  angle 
formed  by  the  **  line  of  fire"  and  **  line  of  sight." 

Whilst  the  barrel  is  still  upon  the  traversing  rest,  the  instructor  will  explain  to  the 
men  the  importance  of  holding  the  sights  upright ;  that  the  bullet,  instead  of  hitting 
the  mark  aimed  at,  will  invariably  strike  on  that  side  to  which  the  sight  is  inclined, 
and  that  the  greater  the  distance  the  greater  will  be  the  error  due  to  any  inattention 
in  this  particular.  To  make  this  subject  clear,  let  a  vertical  line  be  drawn  on  the 
black-board,  and  a  spot  made  thereon  to  aim  at,  and  cause  the  men  to  aim  at  said 
spot  with  the  900  yards'  right,  which  must  be  perfectly  upright,  and  afterwards  to 
look  through  the  barrel,  directing  their  attention  to  the  fact  of  the  cross  wires  cutting 
the  vertical  line  above  the  mark  aimed  at ;  then  cause  them  to  aim  at  the  same  spot  with 
the  same  right,  but  inclined  to  one  side^  and  to  look  through  the  barrel  again,  when 
they  will  see  that  the  "  line  of  fire,"  instead  of  being  directed  upon  the  same  vertical 
line  as  before,  is  directed  to  that  side  to  which  the  sight  is  inclined  ;  and,  as  the 
''trajectory"  always  conforms  to  the  ''line  of  fire,**  the  bullet,  instead  of  hitting  the 
mark,  would  strike  on  that  ride.    Fig.  8,  plate  1. 

Further  explain  that  not  only  is  the  direction  affected  by  the  inclination  of  the 
right,  but  the  elevation  also,  which  is  thereby  lessened.  This  will  be  made  very  dear 
by  placing  a  card,  with  lines  drawn  upon  it  (fig.  4),  to  represent  the  proper 
height  of  the  back-sight,  at  each  distance,  vertically  at  the  back  of  the  sight,  when 
the  men  will  observe  what  amount  of  elevation  is  lost  by  any  degree  of  inclination  of 
the  back -right. 

Both  the  error  of  direction  and  elevation  caused  by  the  inclination  of  back-sight 
may  also  be  shewn  by  a  small  model  gun  (fig.  5)  with  wires  affixed  to  it  to  represent 
the  "line  of  fire,"  the  "line  of  sight,"  and  "  trajectory  ; "  the  "  trajectory"  is  made 
to  hinge  upon  the  "line  of  fire"  to  show  the  exact  course  the  bullet  will  pursue 
at  any  degree  of  inclination  of  back- right ;  as  also  that  the  "trajectory"  always 
preserves  the  same  relative  position  below  the  "line  of  fire." 

He  explains  the  height  of  the  "trajectory"  at  the  several  ranges,  and  the  distance 
at  which  cavalry  and  infantry  are  under  the  power  of  the  rifle  when  fired  with  the 
several  elevations  marked  on  the  back -right,  in  order  to  impress  upon  the  men  the 
great  importance  of  training  themselves  to  judge  distance.  It  has  already  been  shown 
how  necessary  it  is  that  the  back-sight  of  the  rifle  should  be  adjusted  to  the  correct 
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diitaoM ;  but  tlie  aoldier  cannot  da  this  if  he  ii  not  tharonghlr  tnined  to  jadgi 
dut&nee  liy  the  sfe.  It  is  of  no  me  bii  being  a  good  >hot  at  ■  fixed  m$xk  if  Iw 
eumot  Mt  tbe  onem;  in  tlie  Edd  j  this  ie  the  object  of  all  his  tnining. 

It  hu  been  ueertained  bj  eiperiment  that  if  the  rified  raasket,  patteni  16S3,  Iw 
fired  vith  the  elerstion  dne  t^i  COO  jards  nt  an  objiet  S70  :rards  ofT,  the  bullet  inll 
■trike  2  38  feet  above  the  marie  ;  if  the  rifle  be  fired  with  the  same  eleration  at  tba 
diatanee  of  630  jwit,  the  bnllet  will  etrike  354  feet  below  tbe  mark,  ihowinft  that 
an;  arror  of  SO  jardi  in  the  appreciation  of  distanee  wotzld,  at  thii  range,  cause  Um 
■Didier  to  strike  the  figure  of  a  mas  either  in  the  head  or  feet,  according  as  the  wnr 
of  appreciation  vae  under  or  over  the  cotrect  diatanee.  When  firing  with  Iha  300 
jarda'  sight,  the  ballet  wilt,  in  passiag  orer  a  distance  of  aboat  70  jards,  fiU  half 
Uie  height  of  a  man,  owing  to  the  "trajectory"  of  300  yards  being  leas  incnmted 
tlian  that  of  600  yards.  At  800  and  900  yards,  the  curve  being  greater  than  at  eitb« 
of  the  abofe-meatianed  distancea,  the  same  fall  would  take  place  in  pasaing  orer  a 
muoh  shorter  distance  ;  oonseqnenlly  the  greater  the  distance  the  greater  the  neCBasity 
of  knowing  it  aecarately.  It  is  for  this  reason  that  none  bat  well-trained  soliUen 
dionld  ent  be  allowed  to  Great  aneh  distaneee  as  300,  SOO,  and  1000  yarda,  at 
nnaUer  objects  than  colamns  of  troops,  whose  depth  woold  make  np,  in  some  degree, 
fin*  the  Dialapprtciation  of  distance.  Thna,  in  firing  at  a  column  of  whicb  the  depth  Is 
100  yards,  if  the  soldier  over-eatimates  the  distance  of  the  front  rank  by  100  yards, 
(although  aneh  an  error  would  cause  him  to  miss  the  front  rank),  he  would,  if  the 
gronnd  were  lerel,  strike  the  column  in  its  rear.  Aa  the  soldier,  howerer  well  trained, 
eannot  always  be  certun  of  his  distance,  it  is  preferable  wben  in  the  field,  to  gire  the 
flnt  shot  an  elcTation  rather  under  than  over  the  correct  one  ;  the  shot  will  then  strike 
the  groimd  before  reaching  the  object,  and  may  possibly  hit  in  its  bound,  or  ricochM, 
M  it  is  called.  He  should  be  taught  U>  watch  the  effect  of  hia  shot,  which  may 
generally  be  acertained  by  obeerring  the  dnst  thrown  up  when  the  bnllet  ittikea  the 
gronnd;  he  can  then  adjnit  his  eliding  bar  aeeording  aa  his  first  shot  strikes  befbit  or 
beyond  the  object. 

The  instructor  will  now  proceed  to  eipMn  the  effect  of  the  wind,  sun,  Jtc  when 
firing. 

Wind,  being  air  in  motion,  when  blowing  from  tbe  right  will  carry  the  bnllet 
towards  the  left  of  the  mark,  and  vice  rtrtd  ;  when  from  the  front  it  will  elightly 
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pattern),  tiie  soldier  should  be  cautioned  to  pay  attention  to  each  shot,  haying  only  a 
few  to  fire  at  a  distance ;  if  it  goes  low,  he  mnst  raise  his  sliding  bar  a  little  ;  if  high, 
the  rcTerse.  The  sights  are  not  always  in  the  proper  line.  If  the  back-sight  is  to  the 
right  the  rifle  will  carry  to  the  right ;  if  the  fore-sight  is  to  the  right,  it  will  carry  to 
the  left,  and  vice  vend ;  this  defect  should  be  remedied  by  aiming  in  the  contrary 
direction. 

If  an  object  fired  at  be  moving,  whether  it  be  a  man  walking  or  a  horse  at  a  gallop, 
it  is  obvious  that  it  will  pass  over  a  certain  distance  between  the  moment  of  discharge, 
and  the  time  that  the  bullet  reaches  it ;  if  the  body  is  moving  across  from  left  to  right, 
or  from  right  to  lefb,  the  soldier  must  aim  a  little  to  the  front  of  it ;  but  how  much, 
must  depend,  first,  on  the  pace  it  is  going,  and  secondly,  on  the  distance  of  the  object 
from  the  firer  and  the  consequent  time  the  bullet  will  have  to  travel.  The  firer  must 
exercise  his  own  judgment  in  this  matter,  as  no  fixed  rule  can  be  laid  down  for  his 
guidance. 

If^  in  loading,  the  soldier  observes  that  there  is  not  sufficient  powder  in  the  cartridge, 
or  should  he  accidentally  spill  a  portion  of  it,  he  most,  in  firing,  aim  a  little  high, 
otherwise  the  bullet  will  fall  short  of  the  mark. 

The  necessity  of  always  loading  standing,  when  practicable,  and  of  keeping  the  barrel 
perfectly  upright,  should  also  be  inculated ;  for  when  the  barrel  is  inclined,  as  in 
loading  on  the  knee,  a  great  portion  of  the  powder  sticks  in  the  fouling  on  the  sides  of 
the  barrel,  and  may  cause  difficulty  in  loading. 

Whenever  the  lubricating  material  round  the  bullet  appears  to  be  melted  away,  or 
otherwise  removed  from  the  cartridge,  the  soldier  is  to  be  instructed  that  the  sides  of 
the  bullet  should  be  wetted  in  the  mouth  before  putting  it  into  the  barrel,  as  the  saliva 
will  serve  the  purpose  of  grease  for  the  time  being. 

The  rifle  may  not  have  a  proper  bore ;  if  the  soldier  finds  that  his  cartridge 
invariably  rams  down  hard,  or  is  very  loose  in  the  barrel,  he  should  not  fail  to  report 
the  circumstance  immediately. 

In  this  place  the  instructor  will  explain  the  advantages  of  a  rifled  barrel,  by 
pointing  out  the  causes  of  uncertain  fire  in  the  smooth-bore  musket,  and  the  means  by 
which  they  have  been  obviated. 

The  chief  cause  of  error  in  the  smooth-bore  musket  was  the  excess  of  windage,  which 
is  the  difference  of  size  between  the  bore  and  the  bullet  (fig.  6,  plate  2).  A  great 
amount  of  windage  was  necessary  with  the  old  musket,  otherwise,  when  the  barrel 
became  foul  after  firing,  the  bullet  would  not  enter.  When  the  musket  is  held  up  to 
the  *' present,"  the  ball  will  rest  on  the  lower  surface  of  the  barrel,  consequently  the 
whole  of  the  windage  will  be  above.  During  the  explosion  of  the  powder  a  portion  of 
the  gas  will  escape  by  the  windage,  and  force  the  ball  down  on  the  lower  surface  of  tiiie 
barrel  at  the  same  time  that  it  forces  it  out  of  it.  The  ball,  bounding  from  the  lower 
surfikce  of  the  barrel,  will  strike  against  the  top,  and  so  continue  to  rebound  from  the 
upper  surface  to  the  lower,  or  from  side  to  side,  in  a  zigzag  direction,  instead  of 
passing  evenly  along  the  barrel,  the  result  of  which  is  that  on  whatever  side  the  ball 
last  strikes  the  barrel  it  will  receive  a  reactionary  force  tending  to  send  it  in  an  opposite 
direction,  and  so  divert  it  from  the  course  it  is  intended  to  pursue. 

The  bullet  now  used  with  the  rifle  musket,  besides  being  elongated,  and  therefore 
better  shaped  for  passing  through  the  air,  is  so  contrived  that  in  its  passage  out  of  the 
barrel  all  windage  is  done  away  with.  This  bullet  enters  the  barrel  easily,  but  on  the 
explosion  of  the  powder  taking  place,  the  pressure  of  the  air  in  front,  and  the  force  of 
the  explosion  behind,  have  the  effect  of  dilating  or  enlarging  its  cylindrical  portion  so 
as  to  make  it  fit  the  barrel  tightly,  precisely  in  the  same  way  that  eompressing  an 
orange  or  an  india  rubber  ball  at  its  opposite  ends  would  widen  its  other  diameteri  and 
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ao  BDlstge  it*  UMrol  dreniDfereaM.  Thus  windage  ii  completelj  dons  ftvmj  witb, 
and  tbs  whols  foi<»  of  the  eipWaa  acts  apon  the  bullet  in  the  sune  direction,  ginog 
it  incieued  Telocitj',  and  obviating  thoae  irregolarities  wbloh  tuTe  been  deaoribad  mi 
tihiiig  pUcs  danog  the  puuge  of  the  spherical  ball  through  the  amooth-boie  bBiral. 

But,  b«aidea  the  invgaUritics  abate  described,  vhioh  tend  to  giie  the  apherial  ball 
■  Trong  diractioD,  there  is  alsti  another  cause  calculated  to  inflnenca  it  during  ill 
Sight :  anppoae  a  ball  (fig.  S)  to  be  paaaiog  throagli  the  air  in  the  dinction  of  tha 
MTOv  A,  and  ihat  b}  aome  aecident  it  had  a  hollow  or  nnevenneBi  os  one  aide,  at  B, 
tfaii  viU  TeceiTe  the  preoaara  of  the  atmoiphere  in  tha  direction  of  the  arrow  C,  which 
would  t«nd  to  divert  the  ball  from  ita  true  coorae  and  aend  it  in  ths  direction  of  Uie 
arrow  D.  The  elongated  bullet  would  be  equal];,  if  not  more,  afiected  iij  tnj  aneli 
nnsTennesa  of  ita  aur&ce  if  fired  out  of  a  smooth  barrel ;  the  error,  bowerer,  ariaiiig 
from  tbia  caoae  is  oorr»cl«d  bj  the  barrel  being  rifled  in  the  manner  dosaribed  in  Uw 

A  barrel  that  baa  any  naiober  of  groove!  cut  down  the  inaide  of  it,  ii  lud  to  be 
rifleii  These  gtoovea  are  ent  in  a  epiral  direction  with  a  view  to  cauie  the  ballet  to 
tum  or  spin  on  its  longer  axis.  If  the  men  look  Ihroagh  the  rifle  barrel,  they  vlU 
•»e  tha  groores  and  the  degree  of  turn  or  twist  given  to  them,  and  gire  their 
attention  lo  the  (act  that,  when  the  grooves  make  half  a  torn  in  the  length  of  Um 
barrel,  the  groove  which  ii  at  the  one  side  at  the  breeeh  tuma,  aad  appears  on  th« 
oppoailc  aide  at  the  mnzite,  passing  over  like  a  female  screw  from  left  to  right. 

When  the  ballet  ia  expanded  bythe  explosion  of  the  powder,  kc  aa  before  described, 
tt  ii  not  only  mads  to  fit  the  barr.l  tightly,  bnt  its  cylindrical  surface  is  moulded  into 
Uie  grooves  in  such  a  way  that  during  ita  psEsage  tiiroagh  the  barrel  it  is  oonstrained 
to  tum  with  the  grooves,  and  thus  it  receives  a  spinning  movement  around  ita  longer 
axis,  which  coutinues  daring  the  remainder  of  ita  flight ;  this  not  only  prevanti  a 
rotation  in  any  other  direction,  but  is  in  itself  a  rotaUou  calculated  to  eosnre  aoconej 
of  flight,  by  conslaDtly  presenting  any  imperfectiDu  of  surface  to  the  air  in  oppodte 
directions.  The  olyect,  therefore,  of  spiral  grooves  ia  to  correct  by  the  meana  which 
have  been  detailed,  the  flight  of  the  bullet,  and  to  cause  it  lo  spin  or  rotate  in  a 
direction  coincident  with  ita  flight,  thus  keeping  its  point  foremost. 

The  best  way  of  describing  the  motions  of  a  rifle  projectile  in  its  paass^  through  the 
ur  il  by  means  of  a  bent  arrow  (fig.  9).     Suppose  the  arrow  wss  shot  from  tha  point  A, 
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guidance  at  the  moment  of  firing.  The  instructor  most  now  impress  upon  his  mind 
that  the  accoracy  of  shooting  is  not  dependent  on  these  causes  alone,  bnt  also  on  the 
attention  that  he  pays  to  the  preservation  of  his  rifle  and  ammunition,  as  inculcated  in 
his  instruction  in  cleaning  arms. 

Aiming  DrUl, 

In  this  exercise  the  recruit  is  to  be  instructed  how  to  aim,  and  to  adjust  the  hack- 
sight  of  his  rifle  ;  and  his  progress  is  to  be  tested  by  making  him  aim  at  the  different 
distances  by  means  of  a  rest.  If  traversing  rests  are  not  available,  a  tripod  formed  of 
three  stakes  tied  or  looped  near  the  top,  or  piled  arms  with  bayonets  fixed  (sheathed) 
supporting  a  bag  of  sand  about  44  feet  from  the  ground,  will  answer  the  purpose. 

The  squads,  which  should  never  exceed  ten  men  each,  are  to  be  formed  in  single 
rank  at  each  rest,  every  man  having  his  own  rifle ;  and  the  instructor  is  first  to  explain 
the  principles  of  aligning  the  sights  of  the  rifle  on  an  object,  confining  the  attention  of 
the  recruit  to  the  following  simple  rules  : — 

let.  That  the  sights  should  not  incline  to  the  right  or  left. 
2nd.  That  the  line  of  sight  should  be  taken  along  the  centre  of  the  notch  of  the 
back-sight  and  the  top  of  the  fore-sight,  which  should  cover  the  middle  of  the 
mark  aimed  at. 
drd.  That  the  eye  should  be  fixed  steadfastly  on  the  mark  aimed  at,  and  not  on 
the  barrel  or  fore-sight,  which  latter  will  be  easily  brought  into  the  align- 
ment if  the  eye  is  fixed  as  directed.     Particular  attention  is  to  be  paid  to 
this  rule,  for  beginners  are  apt  to  fix  the  eye  on  the  fore-sight  instead  of 
the  mark,  in  which  case  the  latter  can  never  be  distinctly  seen,   and 
the  difficulty  of  aiming  is  greatly  increased. 
4th.  That  in  aiming  the  left  eye  should  be  closed.     If  a  recruit  is  not  able  to  do 
this  at  the  outset,  he  will  soon  succeed  by  tying  a  handkerchief  over  the 
left  eye. 

The  instructor  will  also  explain  the  difference  between  fine,  full,  and  half-sight  in 
aiming,  as  follows,  viz.  : — 

1st.  Fine-sight  is  when  the  line  of  sight  is  taken  along  the  bottom  of  the  notch  of 
the  back-sight,  the  fine  point  of  the  fore-sight  being  only  seen  in  the  align- 
ment ;  as  A,  fig.  1. 

Fig.  1.  Fig.  2. 


2nd.  Full-sight  is  when  the  point  of  the  fore-sight  is  taken  in  alignment  with 
the  shoulder  of  the  notch  of  the  back-sight ;  as  B,  fig.  2. 

8rd.  Half -sight  is  when  the  point  of  the  fore-sight  is  aligned  midway  between  the 
shoulder  and  bottom  of  back-sight ;  as  C,  fig.  8. 

As  the  two  methods  of  aiming  first  named  cause  a  slight  difference  in  the  angle  of 
elevation,  it  is  necessary  the  recruit  should  understand  that  the  ordinary  rules  for 
aiming  are  intended  to  apply  to  the  half-sight,  and  that  as  some  of  the  rifles  may  carry 
high  and  others  low,  allowance  must  be  made  for  such  defects,  by  aiming  with  fine-sight 
when  the  rifle  carries  high,  and  with  full-sight  when  it  carries  low. 

After  the  foregoing  rules  have  been  clearly  explained,  the  instructor  is  to  cause  each 
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mMi  toiligBhUriflawUh  tbengbt  Git  100  yud^  on  &  mark  tlurt  diaUawfrcnluin  ; 
haring  aona  m^  1m  vUl  Imts  hu  lifla  «n  Uie  nrt  and  itap  uuli,  in  wdw  that  tba 
InatmotOTDiajtakskuplaottoieaif  thaaim  ii  eomoUjUid  landihonUliBdiMaTCr 
aoj  error,  he  is  to  oUl  aooUicr  recruit,  irho  ia  to  looli  along  tbt  nghti,  ud  to  (tato 
Uie  defects ;  on  which  the  iiurtractor  will  offer  soma  reniork  aa  to  what  the  eonaeqaeilM 
vonld  ha  if  actuall;  firing  at  an  object,  ftnd  canM  the  recruit  to  aim  again.  Thia 
nuthod  hai  the  e&ct  of  iharpenin;  the  atUnden  of  the  raorait,  aiui  of  indniaiig 
him  to  AToid,  when  aiming  himaelf^  the  erron  he  toft;  haTe  witntawd  in  hia 
comrade*!  MU. 

The  fencing  proceeding  is  to  be  carried  out,  at  ever;  diitanoe  of  SO  yaidi,  from 
100  to  900  jardi,  {aownliiig  to  the  aightiiig  of  the  rifle}  at  "bnlli'-eTCB"  ofth* 
fallowing  dimenaioiu,  rii. ;  frotn  100  to  300  ;ard^  eight  inches  in  diameter  ;  tnm 
350  to  000  jtxit,  two  feet  in  diameter ;  in  order  that  the  recniit  ma;  aoqoire  a 
knowledge  of  hii  lighti^  and  become  perfeot  in  uming ;  for  it  mnit  be  borne  in  nind 
that  the  difficnltj  of  aligning  the  fora-rigbt  aocoistelf  InoeMet  aa  the  diatanoa 
increuea.  The  instraetor  ie  (hoe  enabled  to  aaoertain  the  progreM  tha  reenit  ia 
makiuib  and  if  ha  has  an;  defect  in  hia  eyesight. 

Thil  czerciae  ia  well  calculated  to  ettengthen  Uie  yiaion ;  and  it  Monot  be  too 
■trongl;  impressed  oa  the  mind  of  the  soldier  that,  to  shoot  well  at  long  ranges,  ha 
mnat  tnun,  and  ttrengthen  his  070  b;  looking  at  iniall  otgeet*  at  diitanoea  beyond 
those  at  which  he  will  have  to  fiie  in  practioe. 

PotUumDriU. 

In  this  execeisa  the  recruit,  as  well  as  the  drilled  soldier,  is  to  be  pnt  throsgh  aH 
the  motioni  of  firing,  standing  and  kneeling,  with  the  tame  aeenrae;  as  if  aetnallj 
firing  ball,  cloae  attention  being  pud  to  each  moTement. 

With  the  Tiew  of  habitnating  him  to  the  correct  position,  and  to  the  Batoial  mn- 
nection  that  shonld  exist  between  tlie  hand  and  the  e;^ — the  aje  being  the  r^nlator 
of  ererj  action  of  the  hand,  -^oonstant  practice  is  required  to  enable  them  so  to  act 
together  that  the  Land  will  readily  raise  the  rifle  to  any  object  the  eje  is  fixed  upon, 
and  that  the  forefinger  may  act  npon  the  tngger  at  the  proper  moment 

The  " poiition  drill"  differs  from  the  plafoon  exerdtt;  Uie  latter  comprehending 
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Thifl  practice  ia  intended  to  accnstom  the  recruit  to  handle  his  rifle  expertly,  and  hy 
strengthening  the  left  arm,  to  gire  him  a  perfect  oommand  of  it  with  his  left  hand ;  also 
to  habituate  him  to  raise  it  to  the  shoulder  horizontally  without  moTing  his  body.  It 
is  therefore  to  be  continned  until  these  points  are  accomplished.  No  defect^  howerer 
trivial,  is  to  be  overlooked,  and  the  instructor  should  explain  the  errors  and  their  bad 
effects,  when  the  squad  is  standing  at  ease. 

The  most  minute  attention  is  to  be  given  to  each  man's  position  when  at  ''the 
present,"  more  especially  to  see  that  the  sights  are  upright, — that  the  rifle  is  pressed 
firmly  to  the  shoulder  with  the  left  hand, — and  that  the  trigger  is  pressed  steadily 
without  the  slightest  motion  of  the  hand  or  arm  until  the  hammer  UMb  upon  the 
nipple ;  as  also  that  the  eye  is  fixed  upon  tiie  mark  during  and  after  snapping.  The 
instructor  is  to  scrutinise  each  man  of  his  squad  in  succession,  all  the  time  it  is 
practising,  pointing  out  and  correcting  the  errors  he  may  discover  in  any  man*s 
position  ;  and  he  is  also  occasionally  to  place  himself  in  front  of  each  man,  and  cause 
him  to  aim  at  his  eye,  with  a  view  to  ascertain  that  he  obtains  the  alignment  quickly 
and  readily,  and  that  his  aim  is  not  lost  by  pulling  the  trigger.  Whenever  the 
instructor  discovers  a  &ult  in  a  man*s  position  when  the  rifle  is  at  the  shoulder,  he  u 
to  cause  him  to  oome  to  the  "present"  three  or  four  times  in  succession,  without 
loading,  to  correct  the  defect  noticed. 

The  instructor  is  to  explain  to  the  recruit  that  the  explosion  of  the  powder,  at  the 
same  time  that  it  sends  the  bullet  out  of  the  barrel,  communicates  a  force  backwards, 
which  is  called  ''recoil,*'  and  that  by  pressing  the  butt  firmly  into  the  hollow  of  the 
shoulder,  he  may  control  the  consequent  "kick"  of  the  rifle,  which  will  otherwise 
take  place.  This  is  of  great  importanoe,  as  the  more  confidently  a  man  stands  up  to 
his  rifle,  the  less  likelihood  there  is  of  random  shooting,  and  the  better  will  be  the 
results  of  platoon  firing. 


Judging  Distance  BriU, 

In  this  drill  the  recruit  is  to  be  instructed  to  take  note  of  the  size  and  appeafance  of 
men  and  objects  at  different  distances. 

In  firing  for  instruction,  the  target  is  generally  placed  at  known  and  measured 
distances,  but  before  an  enemy  the  distance  is  unknown  ;  it  is  therefore  necessary,  in 
order  to  apply  the  rules  laid  down  for  shooting,  that  he  should  know  how  to  judge 
quickly,  and  with  tolerable  accuracy,  the  distance  which  separates  him  from  the  object 
he  is  firing  at,  so  as  to  regulate  the  elevation  of  the  rifle. 

In  order  to  teach  the  recruit,  as  well  as  the  drilled  soldier,  to  estimate  distances  by 
the  eye,  he  is  to  be  instructed  in  the  following  manner  before  he  is  allowed  to  engage 
in  the  judging  distance  practices. 

Men  are  to  be  placed  as  "  points  for  observation  **  at  the  distances  of  50,  100,  150, 
200,  250,  and  800  yards,  fiicing  the  squad  or  party,  standing  at  ease,  looking  to  their 
front,  and  remaining  in  an  erect  position,  unless  ordered  to  the  contrary. 

These  "  fixed  points  '*  are  to  be  thrown  out  in  the  following  manner.  The  instmc- 
tor  is  first  to  select  a  tree,  house,  or  any  other  eonspicuous  object  in  the  distance,  and 
align  two  men  thereon,  twenty  yards  apart  and  fadng  each  other,  and  plaee  ten  paces 
to  the  right  or  left,  (as  he  may  think  proper),  of  the  nearest  man  and  in  the  same  Une^ 
another  man  as  a  point  for  covering ;  after  which  he  is  to  march  a  squad  of  six  men, 
formed  two  deep,  on  the  alignment  chosen,  and  halt  it  at  50  yards  distance,  when 
No.  8  of  the  rear  rank  will  face  about  and  cover  the  two  men  already  aligned ;  the 
man  20  yards  off  will  now  be  removed.  The  squad  is  then  to  make  a  half  fiioe  to  the 
right  or  left)  and  march  in  an  oblique  direction  for  a  distance  of  50|  yards,  or  61  paoes^ 

GO  2 
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wlien  it  it  agiin  to  h«lt  *iid  Ho.  8  of  tbe  &ont  rank  is  to  Um  »bant  Uiraa  qn4itfln 
ather  to  (ha  right  or  left,  uid  oorar  diagonkUj,  moring  to  the  right  or  teA  b;  the  lido 
alspt  u  may  ba  i«qiured,  preaaning  hia  ahanldera  aquut  to  hia  preaant  front.  Ria 
^DKd  ia  to  eoDtbna  ao  to  m*roh  is  ui  obUque  dictetion,  leaTiDg  &  num  »t  arary  dia- 
tuce  of  91  pa«a  or  60|  *ards,  who  ia  to  act  u  before  detailed,  nnUI  ererT  ma  ia 
placed.  When  the  "points  of  obaerTation "  are  aligned  diagooallj,  the  eoTaiing  pidllt 
it  po  longer  reqnired. 

It  will  ba  obeerred  that  tach  man  in  the  above  fonnatjon  ii  plaoed  at  a  gnalcr 
distance  from  the  line  fint  marched  npoD,  in  proportioD  aa  he  ii  diataot  from  the  point 
idiere  the  aqnad  oonuneneea  it*  iaatmatian,  in  order  that  each  aoldier  may  aarr^  in 
torn,  aa  a  diatanca  point  for  the  men  of  the  iqiuid  to  make  obterrationa  on. 

An  offioar  or  non-eommitnonad  officar,  aa  aaajatant  or  aqnad  inatraotor,  0f  tber*  U  a 
anfficieDt  number),  ia  tobe  plaMd  oppoaite  the  aoTeral  "points  for  obaemtii^ii,"  and 
tlie  aqnad  or  part;  farmed  to  the  left  of  the  aqnad  initmctor  placed  oppoila  tli«  pidnt 
fiO  Tarda  oC 

The  inatnictcr  abonld  direct  the  men  to  aotice  the  poaition  of  the  inn,  the  atate  of 
tha  atmosphere,  andtbe  bachgronndatthe  time  the;  are  miking  thm  obaerratioa^  in 
order  that  the^  maj  be  aoeiutomed  to  the  ehangea  made  in  the  appearance  of  ihe 
aerenl  objecta  nnder  their  altered  conditjon. 

The  aqnad  initmctor  oppoattc  the  GO  ysida  point  ia  then  to  proceed  to  iniUeate  to 
each  nan  in  niocesBiDn  the  different  parta  of  the  figure,  arma,  aceontrements,  and 
dresa,  vhich  can  atill  be  diatiocblr  pereeiied  on  the  aoldier  before  him,  aa  alio  theae 
parte  that  can  no  longer  b«  pereeiTod  cltarlj  at  f  0  jardi ;  after  vhich  be  will 
qnestion  him  on  the  obaerrationa  made  on  nbat  ha  can  aee,  and  enjoin  Mm  to  try  and 
impreaa  upon  hia  mind  the  appearance  of  a  man  at  thia  diitance,  and  paaa  him  on  to 
the  next  ataticn. 

The  aqnad  inab^ctor  oppoeita  the  100  jiarda  point  ia  to  proceed  in  tie  Fame  manner, 
and  caosa  each  man  to  make  observationa  of  the  came  kind  aa  ha  did  on  the  man  at  50 
Tarda,  and  deaire  him  to  make  compariaona  between  the  two  men  placed  at  thia  and 
the  fanner  diataoee^  and  then  paaa  him  oa  to  the  next  aqnad  initroctot,  and  ao  eonUnne 
nniil  eTerj  man  baa  made  hia  obaerraUonB  on  all  the  pointa. 

Th*  aqnad  inaUactor  oppoaita  the  point  SOO  jarda  off  ahonld  endearoor,  ahoTe  all, 
locorilmg  to  thg  obaer-rntiona  )ie  maj  make,  the  Jitfercneea 
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then  to  order  the  men  to  obserre  the  soldier  facing  them,  and  to  estimate  the  distance, 
cautioning  them  at  the  same  time  to  recollect  the  appearance  of  the  men  just  seen  at 
known  distances. 

The  squad  instructors  having  formed  three  paces  to  the  front  of  the  right  of  their 
squads  are  to  call  each  man  separately  to  the  front  and  question  him,  noting  down  in 
a  register  his  answer,  which  must  be  given  in  a  low  tone  of  voice,  in  order  that  those 
following  him  may  not  be  influenced  by  his  opinion.  No  talking  is  to  be  allowed 
while  the  answers  are  being  given.  Eve]7  man  will  adjust  the  sight  of  his  rifle  for 
the  distance  he  judged. 

When  all  the  men  have  given  their  answers,  which  are  to  be  read  over  to  them  by 
the  squad  instructor,  in  order  to  ascertain  if  they  are  correctly  recorded,  the  squad 
will  proceed  to  x)ace  the  distance,  by  marching  towards  the  man  judged  from  ;  the 
instructor  placing  himself  in  the  centre,  and  counting  the  number  of  paces  aloud,  the 
men  only  counting  them  to  themselves. 

The  men  should  be  taught  to  record  the  distance  as  follows  : — ^At  every  120  paces 
they  will  double  up  one  finger  of  the  right  hand,  to  mark  100  yards  ;  commencing 
again  1,  2,  3,  and  so  on.  When  at  the  end  of  any  division  of  100  yards  the  remaining 
distance  appears  to  be  within  100  yards,  they  will  commence  to  count  by  tent  of  yarde, 
by  doubling  up  a  finger  at  every  12  paces.  The  correct  distance,  which  is  to  be 
promulgated  will,  in  every  instance,  however,  be  ascertained  by  actual  measurement 
with  a  cord,  chain,  or  pace-stick,  by  men  following  immediately  in  rear  of  the 
squad. 

The  recruits,  after  they  have  been  drilled  four  different  days  to  300  yards,  in  the 
manner  before  detailed,  are  to  be  exercised  for  four  days  more  up  to  600  yards,  first 
at  known  distances,  in  every  respect  as  laid  down  for  exercising  to  300  yards,  the 
' '  points  for  observation  "  being  two  or  more  men,  placed  at  every  fifty  yards  from  850 
to  600  yards  inclusive,  after  first  measuring  300  yards  on  the  alignment  chosen. 

When  estimating  unknown  distances  beyond  300  yards,  the  party,  with  a  view  to 
save  time  and  walking,  is  to  be  separated  into  two  equal  portions,  moved  in  difierent 
directions,  and  when  halted,  facing  each  other,  with  a  file  thrown  out  on  the  flanks  a 
few  paces  olf.  After  every  man  has  judged  the  distance  which  separates  the  parties, 
and  the  answers  have  been  recorded,  they  are  to  advance  towards  each  other,  counting 
the  paces  as  before ;  each  party  measures  half  the  distance,  and  the  two  added 
together  will  give  the  correct  distance. 

The  instructor,  in  repeating  these  exercises,  is  to  take  care  that  they  are  con- 
ducted,  as  much  as  possible,  in  different  directions,  and  under  different  states  of  the 
atmosphere,  in  order  that  the  soldier  may  become  habituated  to  the  diversity  of  cir- 
cumstances in  which  he  may  have  to  act. 

It  is  to  be  observed  that  every  judging  distance  drill  is  to  consist  of  making  observa- 
tions on  men  placed  at  known  distances,  and  of  giving  three  answers  on  men  placed 
at  unknown  distances  in  different  situations  immediately  afterwards. 

PRACTICE. 

Target  Practke. 

Target  practice  affords  proof  of  the  attention  bestowed  on  the  preliminary  driUt ; 
the  more  carefully  the  latter  have  been  performed,  the  better  will  be  the  result  of  the 
ball  firing. 

The  targets  are  to  be  six  feet  in  height  and  two  in  breadth,  constructed  of  iron  of 
sufficient  thickness  to  be  rifle-bullet  proof,  having  squares  of  six  inches  cut  on  the 
face  to  facilitate  the  marking  off  of  the  hits  in  the  diagrams  provided  for  the  purpose. 
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M  klao  dronUr  riagi  of  eight  inches  uid  two  feet  in  tba  centre,  to  (ure  u  gnidea  in 
pkintinc  the  "boU'i-eje"  and  "centn." 

The  tugets  are  to  lie  mlonred  vihUt  with  >  miitore  of  whiting,  «&t«r  and  riia  ; 
»od  the  "ball'i-ere,"  And  circle  deBcribing  the  "centre,"  Unci  with  lamp-black, 
irnler,  and  tUe.     Fcli  of  Uieu  mixtnree  Bhould  be  kept  in  rou  of  the  targets. 

Tba  targets  sre  to  be  rested  on  a  itone  or  wsodeu  pUtform,  twenty  feet  1>7  nine 
inohi^  which  is  to  be  lud  st  riglit  angles  to  the  line  of  pegs  denoting  the  anoisl 
disUnccs,  and  wban  in  ose  tbe;  are  to  he  as  perpendicular  u  poesible. 

The  greatest  care  in  lo  be  taken  when  lowering  or  raising  the  taiget^  to  prerent 
thur  being  damaged ;  the;  are  on  no  aceonnt  to  be  allowed  to  &U  bj  remonng  the 
pn^H,  bnt  aie,  in  erery  inituioe,  to  be  cuefoll;  let  down  on  the  gtoaud, 

Wlien  the  targets  are  laid  on  the  gronad  they  should  lie  placed  at  an  inolino  to 
prerent  tite  nin  lodging  on  them  ;  tod  with  a  new  to  pressrre  tliem  from  the  e&ete 
of  exposare,  thej  should  be  painted  periodically. 

In  all  ouea,  where  the  nature  of  tbe  ground  admits  of  it,  a  trendi  is  to  be  dug 
for  the  "msrkere,"  of  the  sufficient  dimensions,  about  fifteen  yards  to  the  front 
and  to  one  aide  of  the  target^  and  in  snch  a  podtion  that  the  markets  niiqr  eawly 
see  the  bee  of  the  target  from  it ;  the  earth  eiosTated  shonld  be  thrown  up  on  the 
side  of  the  firing ;  there  should  alio  be  two  epaulmenta,  so  as  to  screen  ths  men,  luit 
only  from  the  sliot*  tbenuelves,  but  from  any  stones  tliat  may  be  thrown  np  by  then. 
Tbe  only  fitment  required  for  the  marker's  butt  is  a  kbA.  About  eighty  yards  in 
rear  of  the  marker's  butt,  a  smaller  batt,  capable  of  holding  two  men,  is  to  be  made 
on  erer;  practice  range,  for  the  puipwM  of  signalling  ticodieU  that  may  hit  the 
ta^et.  Slionld  tin  gronnd  be  such  as  to  render  it  impossibly  «uept  at  a  considerable 
expense  to  ereot  marker't  and  riMchet  butU^  iron  mantlets  or  Mtaens  will  be 
supplied  on  application  to  the  batnck-mastu. 

Brery  range  is  to  be  carc^lly  and  tccnrataly  measured  by  an  officer  of  the  engineer 
department,  and  the  distaoees  defined,  at  interrals  of  fifty  yards,  commencing  at  100 
yards  from  the  target  and  oontinning  to  000  yards,  or  the  eitremi^  of  the  nng^  if 
under  that  dislanoa. 

The  shots  that  strike  ths  target  are  to  be  denoted  by  Bags  of  differant  colonr* 
raiaed  abore  the  butt.  These  fla^,  together  wiUi  the  number  of  point!  fixed  «■  the 
value  ol  the  shots,  are  as  follows : — 
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to  the  danger  signaL  The  red  flag  is  always  to  be  kept  up  as  long  as  the  markers 
are  oat  of  the  batt,  or  any  person  is  in  the  line  of  range.  Wheneyer  the  "cease  fire*' 
is  sounded  from  the  firing  point,  it  is  to  be  immediately  answered  fhnn  the  marker's 
bntt  by  raising  the  danger  flag ;  and  in  like  manner  the  '*  commence  firing  "  is  to  be 
answered  by  lowering  it. 

Bicochets,  or  shots  which  strike  the  groond  before  hitting  the  target)  are  to  be 
signalled  by  waving  the  red  flag  twice,  two  and  fro,  in  front  of  the  target,  and  are  to 
be  eonnted  as  misses  in  individnal  firing,  bnt  noted  in  the  register  by  the  letter  B. 
The  men  in  the  ricochet  bntt  are  to  keep  a  sharp  look  ont,  and  to  call  <mt  to  the 
non-commissioned  officer  in  the  marker's  bntt  **  ricochet "  when  snch  is  the  case. 

The  instructor  is  to  be  cautious  not  to  check  a  man  for  any  error  he  may  oboerre  at 
the  time  he  is  firing,  as  it  wonld  have  the  efiect  of  distracting  his  attention  from  the 
object  he  is  aiming  at ;  but  is  to  watch  attentiyely  the  position  of  each  soldier,  and 
correct  him,  if  necessary,  after  he  has  fired. 

Every  recruit  is  to  expend  in  hii  training,  and  every  drilled  soldier  in  his  annual 
course  of  practice,  (except  in  the  cases  hereinafter  specified),  90  rounds  of  ball 
ammunition  in  the  following  manner  ;  viz. — 

60  in  individual  firing, 

10  by  files, 

10  in  volleys,  and 

10  in  skirmishing  order. 

The  number  of  rounds  to  be  expended  at  each  distance,  the  distances  and  number 
of  targets  to  be  fired  at  by  the  several  classes  in  individual  firing,  and  the  size  of  the 
bull's-eye  and  centre  for  each  class,  are  as  follows  : — 

Yards.  Bounds. 

g^  r  having  a  bull's-eye 

'    rl  oiS         eight  inches  in  dia- 

5  fh  ^"i     meter,  and  a  blaek 


8d  class 


160 
200 
250 
800 


2d  class 


Ist  class 


''650 
700 
800 
900 


i 


drcle  two 
diameter. 


feet  in 


5 

6' 
6 
5 
5. 


^ 


[ 

{having  a  blaek  oentre 
two   feet   in   dia- 


i< 


m 


meter. 

having  a  black  centre 
three  feet  in  dia- 
meter. 


Target  practice  is  invariably  to  take  place  in  marching  order  ;  and  all  practices  up 
to  800  yards  are  to  be  performed  standing ;  beyond  that  distance,  kneeling. 

The  practice  of  individual  firing  for  reeruitt  comprises  *^  preliminary  ball  practice  " 
and  ''first"  and  ''second  periods ;"  and  for  the  drilled  eMitr,  as  his  annual  course, 
"first,"  "second,"  and  "third  periods,"  in  each  of  which  twenty  rounds  are  to 
be  fired. 

Toung  officers  and  recruits  are  on  no  account  to  be  permitted  to  fire  ball  until  they 
have  been  exercised  in  all  the  subjects  embraced  under  the  head  of  "preliminary 
drill ; "  and  the  drilled  soldiers  of  the  battalion  are  not  to  be  allowed  to  fire  their 
annual  allowance  of  practice  ammunition  until  they  have  been  first  similarly 
exercised. 
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Piriry  S\t\gly. 

In  this  pnotioe  tlie  young  officer  and  recruit  us  lo  Sre  Gtb  roiinds  tt  100,  IfiO, 
SOO,  «nd  2S0  jutia  tA  two  Uigeti,  ituidiiig,  vith  Gied  bftjonela  ;  oii«  round  it  each 
diitanee  io  be  find  off  a  st&cd  or  rest. 

In  (ha  Gnt  period  of  indiTidoal  firing  ereiT  mui,  rtemit  or  otktnciti,  a  to  pracUae 
»t  ererj  fifly  ;«rdi  from  ISO  to  800  jKia  inclosiTe  ; — >U  tboM  men  *ha  bave 
obt«iasd  fiflesn  pointa  and  npirtrdi  puBing  into  the  Koond  claaa,  and  those  who  hare 
not  obtained  thi«  nnmb«r  being  foiTued  into  a  third  clan. 

In  the  aeoond  period  of  indiridnal  firing  the  part;  or  companj  is  to  pnustiie  in  two 
tliwee,  Til.,  Mcond  and  third. 

In  the  pnctice  of  the  second  elaai  (he  centre  ia  to  be  painted  black,  and  the  poinia 
alloired  to  reckon  for  a  bnll's-eje  are  to  be  discontinued. 

At  the  conelnsian  of  (he  practices  in  this  period,  the  points  obtained  bj  each  man 
a(  (he  sereral  distances  are  to  be  added  together,  and  the  siun  entored  in  the  eolainBS 
"tolAl  poind,"  &ainvhich  a  second  cUsgificatiDn  is  to  be  made,  vhen  all  man  of  the 
■eoond  class  irho  hsTs  obtained  tvelTe  points  and  npwards  are  to  pass  into  the  firat 
dan ;  and  all  men  of  (be  third  clws  who  have  obtuned  fifteen  points  and  apwardt 
into  the  second  claai. 

Id  the  third  period  of  indiTidnal  firing  the  partj  or  companj  is  to  practise  in  three 
classes,  ni.,  first,  second,  and  third. 

In  the  piactice  of  the  first  class  the  centre  is  to  he  increased  to  three  feet  in 
diameter,  and  oaloored  block  ;  all  ahola  hitting  it  being  counted  two. 

File  Firing. 

In  this  practice  ten  rounds  of  ball  ammnnitiDn  are  to  be  eipended  b/  the  recmit, 
and  bj  the  driUed  soldiers  of  ercry  company  aonnally,  at  three  hundred  jards,  in  the 
order  of  file  firing  detailed  in  the  "  Infantr;  Manual." 

The  mark  for  this  practice,  and  also  for  ToUey  firing,  is  to  consist  of  eight  target* 
placed  dose  together,  each  having  a  separate  bull's-eye  and  centre  of  the  dimenmona 
det^led  for  the  third  class. 

The  bullets  striking  the  target  in  this  practice  will  hare  the  same  Talne  in  points 
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the  third  class,  are  to  be  placed  with  interyals  of  six  paces  between  them.  Ererj  file 
is  to  have  its  own  target,  and  the  hit«  are  to  be  counted  as  in  volley  firing ;  bull's-eyes 
being  only  valued  as  centres. 

In  firing  adyancing,  the  men  may  fire  kneeling, — rising  to  load, — ^which  may  be 
executed  at  the  halt,  running  up  to  the  file  leaders  after  returning  their  ramrods,  and 
capping  after  giving  the  word  **  ready." 

A  sentry  (one  of  the  fatigue  party)  is  to  be  placed  on  each  flank  of  the  extended 
targets,  about  forty  or  fifty  yards  off,  to  prcTent  any  person  approaching  within  said 
distance. 

At  the  conclusion  of  the  firing  of  each  squad  or  section  in  this  practice,  as  well  as 
by  files  and  in  volleys,  the  company  instructor,  amd  a  uon-comnussioned  officer  of 
another  company,  are  to  go  up  to  the  targets  and  mark  off  the  hits  in  a  diagram. 

The  average  points  obtained  in  the  *'  skirmishing  practice,"  added  to  the  averages 
obtained  in  the  ''first  period,"  and  in  the  practices  of  '*file  and  volley  firing"  will 
denote  the  **  merit "  of  the  shooting  of  the  squad,  company  or  battalion. 

No  man,  recruit,  or  otherwise,  is  to  be  exercised  in  the  practices  by  files,  volleys 
or  skirmishing,  who  has  not  completed  a  period  of  individual  firing ;  nor  is  a  man  to 
be  allowed  to  practise  in  the  "third  period  "  until  he  has  been  exercised  in  the  ''  first 
and  second  periods"  respectively. 

Judging  Distance  Practice. 

The  following  course  of  judging  distance  practice  is  to  be  gone  through  by  each 
recruit,  and  by  every  drilled  soldier  of  the  battalion  annually,  with  a  view  to  test  the 
proficiency  of  the  several  companies  of  the  battalion  in  this  important  and  essential 
exercise. 

In  the  absence  of  an  instrument,  a  cord  or  chain  of  the  length  required  for  the 
practice,  divided  into  parts  of  five  yards  each,  with  the  distance  of  each  division  from 
the  end  so  marked  as  to  be  distinguished  only  on  close  inspection,  is  to  be  stretched 
in  any  direction  that  may  be  found  convenient,  care  being  taken  to  vary  the  ground  as 
much  as  possible  for  the  several  practices. 

One  or  more  men,  when  judging  to  300  yards  only,  but  beyond  that  distance  a 
section  of  not  less  than  eight  or  ten  file,  are  to  be  stationed  at  the  end,  or  any  other 
part  of  the  chain  that  may  be  directed,  to  serve  as  objects  to  estimate  from. 

The  commander  having  marched  his  party  or  class  to  the  place  that  he  intends  to 
judge  from,  is  to  halt  it  about  ten  paces  to  the  right  of  the  chain  or  cord  facing  the 
object  or  points,  and  arrange  the  non-commissioned  officers  who  arc  to  keep  the 
registers  three  paces  in  front  of  the  right  of  the  several  sections,  to  prevent  the 
answers,  when  given,  being  heard  by  those  in  rear.  These  non-commissioned 
officers,  after  recording  their  own  answers,  will  call  each  man  of  their  respective 
sections  to  the  front  to  give  his  answer  in  yards  as  to  the  distance  that  separates  him 
from  the  "  points,"  which  is  to  be  immediately  noted  down  in  the  register. 

When  the  answers  of  every  man  of  the  section  or  class  have  been  taken  down,  they 
arc  to  be  read  over  to  the  men,  so  that  any  error  as  regards  entry  which  may  be 
discovered,  may  at  once  be  corrected.  After  this  has  been  done,  the  commander  is 
to  state  aloud  to  the  men  the  correct  distance,  which  is  to  be  noted  at  once  at  the 
top  of  the  column,  and  the  number  of  points  obtained  by  each  man  registered  at  the 
side  of  his  answer,  and  made  known  to  him. 

The  ''judging  distance,"  like  the  ''target  practice,"  is  to  be  divided  into  three 
periods,  each  consisting  of  two  practices  or  twelve  answers. 

The  8d  class  is  to  practise  as  far  as  800  yards,  the  2d  class  to  600  yards,  and  the 
1st  class  as  far  as  900  yards. 
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The  Tkloa  of  tli«  men'i  uuwsn,  b;  pointy  u  tb«  terenl  oImmi,  m 


Within   Sj&rdB 


Or  wiLea  judging  diiluioa  between  > 
300  And  600  jorda 
let  cTais :  i 

Or  when  induing  dirt«.C8  betweea  L  W''^'"  30  J«rf«     •      2  potaU. 
600  »nd  800  jardu  .     .J         ••     *°    -<  ^     •< 

InadditiDii  to  the  thiM  periods  of  judging  diBluic«pTacUceabOTSmeBtioiied,wIik]i 
•n  to  be  executed  coofiturently  with  tlie  corresponding  pedoda  of  Utgtt  pnctioe,  the 
nen  sre  to  be  (•![  en  into  the  coontrr  bjcompuies,  under  their  re^ectdTe  Ckptuns,  »t 
leMt  once  a  month  after  the  Mutual  eeune  of  mniketr;  instruction  lus  terminated,  to 
be  ezercdaed  in  judging  dislanoe,  with  a  view  to  derelope  their  power*  in  this  ewmljal 
particular.  Thejr  will  also  be  exeroiaed  in  this  pnotice  on  marching-out  daji,  for 
which  purpme  the  halts  ma  j  be  prolonged  if  neeeaaarr.  The  name*  of  the  beet  judge* 
d' distance  ore  to  be  taken  down,  and  delivered  to  the  Adjutant  on  the  return  to  the 
bairacke,  and  such  of  Ibem  as  may  deaerre  it  may  be  permitted  to  be  abeent  Irom 
•ftemoon  parade,  or  receive  some  other  trifling  indulgence.  When  tliose  extra  practioea 
take  place  (which  are  to  be  recorded  in  a  re^ster)  the  same  is  to  be  noUfied  in  the 
monthly  prognes  return. 

Firing  vithoul  vttng  the  baei-iighi. 
After  the  annual  course  of  target  practice  lias  been  gone  through,  the  int  and 
Moond  class  men  (if  tbeie  is  any  spare  ammunition),  should  be  trained  to  fire  at  300 
and  400  jratdi  with  the  &ap  of  ba«h-Bight  down,  judging  for  IhenuelrM  the  proper 
elevation  of  their  rifles. 

^     Prati/oT  good  ihooHng. 

atimnlatc  individual   eiertioa,  and  to  reward  the  proficiency  of 
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The  ''best  shot  of  the  battalion,**  and  "  the  best  shot  of  the  eompany,**  are  to  be 
allowed,  in  addition  to  the  reward  as  such,  tiie  extra  pay  aa  ''markamaii,"  when 
eligible  for  the  position :  bnt  no  soldier  is  entitled  to  a  reward  for  shooting  who  is  not 
in  the  first  class  in  the  final  classification  of  the  judging  distance  practice.  It  is  to  be 
dearly  understood  that  the  maTimum  reward  for  the  best  shot  of  the  battalion  is  three 
pence  per  diem. 

In  order  to  ensure,  on  the  one  hand,  a  high  rate  of  efficiency,  and,  on  the  other,  to 
guard  against  the  public  being  called  upon  to  pay  for  a  lower  standard  of  merit  than 
is  necessary,  as  well  as  to  secure  the  utmost  impartiality  in  the  distribution  of  the 
rewards,  the  practice  registers  and  returns  are  ^to  be  the  data  upon  which  the 
proficiency  of  the  men's  shooting  is  to  be  estimated. 

Aocordingly,  the  best  shot  of  the  battalion  will  be  that  soldier  who,  in  the  practice 
of  the  first-class  firing  between  600  and  900  yards,  obtains  the  greatest  number  of 
points  over  seTcn. 

The  best  shot  of  the  company  will  be  that  soldier  who,  in  the  practice  of  the 
first  class  of  his  company,  firing  between  600  and  900  yards,  obtains  the  greatest 
number  of  pointa  over  seren. 

To  qualify  a  soldier  for  the  position  of  marksman,  and  the  rewards  attaching  thereto, 
he  must,  in  the  yearly  course  of  practice,  have  obtained  at  least  seven  pointa  in  the 
first  class,  firing  between  600  and  900  yards, — ^must  have  displayed  the  requisite  skill 
in  judging  distances,  being  at  least  in  the  first  class  at  the  final  classification  of  the 
judging  distance  practice— and  possess  a  competent  knowlege  of  the  laws  affecting  the 
flight  of  the  bullet,  and  the  rules  to  be  attended  to  in  maintaining  the  efficiency  of  the 
rifle  under  all  circumstances  and  conditions  :  which  is  to  be  ascertained  by  examina- 
tion, conducted  in  the  presence  of  the  commanding  officer,  by  an  Inspector  of 
Musketry,  when  his  services  can  be  obtained,  and  if  not,  by  the  officer-instructor  of 
tiie  battalion. 

If  more  than  100  men  in  the  battalion  (induding  the  best  battalion  shot,  and  the 
best  shot  of  each  company,  if  eligible)  come  under  the  conditions  specified  in  the  pre- 
ceding paragraph,  tlien  those  men  who  have  obtained  the  greatest  number  of  pointa  arc 
to  be  first  selected  for  the  reward  and  distinction.  Should  two  or  more  men  have 
obtained  the  same  number  of  pointa  (not  less  than  seven)^  in  the  first  classy  and  be 
otherwise  eligible  for  the  reward,  reference  is  to  be  made  to  their  respective  perform- 
ances in  the  first  and  second  periods  of  individual  bhooting,  and  those  s^^ted  who 
have  obtained  the  greatest  number  of  pointa  therein.  Should  there  still  be  a  tie, 
reference  is  then  to  be  made  to  their  performances  in  tiie  judging  distance  practice,  and 
the  preference  given  to  those  who  are  the  best  judges  of  distances. 

All  men  who  may  undergo  a  course  of  instruction  at  the  School  of  Musketry, 
Hythe,  are,  if  qualified,  eligible  for  the  rewards  for  good  shooting  in  their  respective 
battalions,  provided  they  have  not  been  exercised  in  the  yearly  oourse  of  practiee 
before  joining  the  said  establishment,  which  is  to  be  duly  notified.  Practice 
returns  of  men  instructed  at  Hythe  will  be  sent  to  the  officers  commanding  bat- 
talions. 

If  the  number  of  paid  marksmen  in  a  battalion  be  reduced  by  casualties  during  the 
year,  the  number  may  be  completed  from  those  men  eligible  for  the  reward  (if  there 
are  any),  under  the  conditions  described  above. 

As  a  further  inducement  to  all  ranks  to  vie  with  each  other  in  this  essential  part  of 
the  soldier*s  instruction,  and  in  order  that  every  man  may  feel  that  though  he  may 
not  himself  succeed  in  obtaining  a  prize,  he  can  assist  in  obtaining  one  for  his  company, 
a  SuppUmentary  Prize  of  oroet  mmkeU  tjmd  crown  worked  in  gold,  but  unaecompanied 
by  any  pecwnary  iUhwancey  will  be  worn  on  the  right  arm  by  the  seijeanta  of  the 
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beat  Bhootiog  oampanj  of  erary  btttalion.     Whan  %  nerjMnt  who  U  tlie  holder  of  thii 
■upplemeDtarj  priie  Iwm  hii  oompany,  b«  is  MretdgD  it. 

Slundd  m  Hnjeaot  of  tha  bait  ihooting  eompui;  be  either  "  the  beat  ahotof  Uie  bat- 
talion," the  "beet  shot  of  hie  conpanj,"  or  a  "markoiuB,"  he  Uto  wear  0» 
dietisgaiihiDg  b«dga  of  that  poaitian  in  addition  to  the  badge  eanctioned  in  the  fora- 
going  p«r»graph. 

With  a  TJev  to  enEiue  atrict  impartialit;,  the  Berera!  oompaniee  of  a  battalion  are  to 
be  kept  aa  macb  intact  w  poauble ;  the;-  are,  thecefore,  to  be  eqaaliied  before  tike 
annual  eonne  of  drill  and  praoUce  commenoeB,  and  no  tranaToit  be  made,  aioapt  aaeh 
at  are  iodiipenaabl^  until  the  period  for  commendng  the  praetioe  in  the  folloving  fear. 

AltboDgb  Iht  bat  ihooling  company  can  be  eatabliahed,  and  the  company  bad^  be 
iaaaed  accordingly,  wherever  a  range  of  3D0  jarda  can  be  obtained,  no  lemrda  are  to 
be  granted  to  battaliotu  untesa  they  haro  been  practised  in  the  three  periods  of  indi- 
vidual firing  ;  and  onder  no  circnmetancea  is  the  limit  of  one  beet  shot  per  battalioi^ 
one  for  each  company,  and  one  bondred  "  markimen,"  indttdins  He  Ubo  farmer,  erer 
to  be  exceeded.  Further,  both  the  badges  and  their  attendant  allowance  wiU  urntri- 
ably  haTe  to  b«  sarrendered  by  all  who  l^il,  in  the  next  annual  coorae,  to  fdlfil  the 
conditions  and  maintun  tbe  snperiorily  by  which  these  rewards  were  earned  ;  and 
shoald  the  shooting  of  any  battalion  fall  below  the  aTCiage,  the  ptiies  will  be  wholly 
withdiawn,  and  the  isane  of  the  additional  pay  euapended. 

Bhonld  it  be  ascertained,  either  through  tbe  nports  recuTed  from  the  Inspeotor  of 
Unaketiy,  or  through  any  other  sonrce,  (hat  any  undue  advantage  has  been  taken  by 
a  battalion  in  the  execution  of  the  aeveial  eierdaea  in  target  and  jadging  instance 
pnwtiMs, — anch,  Gir  instance,  as  connting  ricocheta— placing  macks  to  aim  al^  lo 
denote  the  allowance  to  be  made  for  wind,  ke.,  whereby  the  attainment  of  practical 
skill  by  Iba  soldier  would  be  defealed^firiag  at  distancci  shorter  than  these  enJioDad 
by  the  regalatiana— or  at  a  greater  number  of  targeta  than  are  prescribed  fet  the 
several  distancee, — deparUng  in  any  way  from  the  tuIob  clearly  defined  for  ocMdnoting 
the  platoon  and  skirmiahing  pcactieea,  — or  otherwise  deviating  &om  the  tinrit  of  the 
Kgulationa  pnblished  to  ensure  a  uniibrmicy  of  procedure  in  this  particular  througbout 
the  army,  and  by  which  alone  a  fair  eompaiatjve  merit  can  be  arrived  at, — sudk 
battalion  will  not  be  eligibk  for  the  rewards  granted  by  these  i^ulations. 

a  of  the   utmtjat   irnportancCi  in  crdcr  to  ensure  n  faitliful  record  of  the 
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When  a  battalion  is  on  active  service  in  the  field,  or  at  a  station  where  no  range  is 
available,  the  rewards  are  to  be  continued  to  those  men  in  possession  of  them,  until 
an  opportunity  occurs  of  their  being  challenged  by  another  yearly  course  of  instmo- 
tion .  A  certificate  from  the  commanding  officer,  verified  by  the  general  officer  under 
whose  command  the  battalion  is  serving,  to  the  effect  that  under  the  circumstances 
above  detailed  (for  under  no  other  is  the  allowance  to  be  continued  beyond  one  year), 
the  battalion  has  been  prevented  undergoing  the  prescribed  annual  course  of  rifle 
instruction  for  the  year  16  ,  is  to  be  forwarded  to  the  Inspector-General  of  Musketry, 
for  transmission  to  the  Adjutant-Gkneral  of  the  Forces,  for  the  information  of  the 
General  Commanding-in-Chief. 

Recommendations  for  prizes  are  to  be  transmitted  in  triplicate  according  to  the  pre* 
scribed  form  with  the  annual  musketry  practice  return  sent  to  the  Inspector-General 
of  Musketry,  by  whom,  after  due  examination,  they  will  be  forwarded,  with  his 
recommendation,  to  the  Adjutant-General  to  the  forces.  When  a  notification  of  the 
General  Commanding-in -Chiefs  approval  is  received  the  prizes  are  to  be  presented  on 
parade,  and  the  names  of  the  prize-holders  are  to  be  published  in  regimental  orders, 
and  inserted  in  the  '* Final  Classification  Returns"  kept  in  the  companies'  barrack- 
rooms. 

In  the  event  of  a  soldier  who  ia  in  possession  of  the  prize  cither  as  the  ''best  shot 
of  the  battalion,'*  or  the  "best  shot  of  the  company,"  becoming  non-effective,  the 
said  prize  is  not  to  be  awarded  to  another  soldier. 

The  additional  pay  attaching  to  the  prizes  for  good  shooting  is  not  to  be  drawn  for 
a  soldier  when  in  confinement ;  but  forfeitures  under  Clauses  28  and  29  of  the  Mutiny 
Act  are  not  to  deprive  a  man  of  the  advantages  attending  a  prize  which  he  may  gain 
in  a  subsequent  year's  course  of  Instruction. 

Badges  of  distinction,  which  are  to  be  worked  on  cloth  the  colour  of  the  facings  of 
the  battalion,  will  be  supplied  on  application  in  the  usual  annual  requisition  for 
clothing.  They  are  not  to  be  issued  from  the  quartermaster's  store  until  authority  is 
received  for  the  award  of  the  prizes. 


OBSERVATORY,  ASTRONOMICAL. 

PART   I.* 

The  purposes  which  it  is  intended  that  an  Observatory  shall  fulfil,  and  the  magni- 
tude and  description  of  the  instruments  with  which  it  is  designed  to  be  furnished, 
will,  as  a  general  rule,  regulate  its  plan  and  dimensions. 

Observatories  are  either  permanent  and  of  solid  structure,  destined  for  the  taking 
and  recording  of  observations  which  may  be  of  fundamental  or  general  interest  and 
inquiry ;  or  temporary  and  portable,  having  principally  for  their  object  observations 
for  local  and  particular  purposes. 

Considering,  in  the  first  place,  *  Permanent  Observatories,'  a  matter  of  primary  and 
most  important  consideration,  before  proceeding  with  the  construction  of  a  design,  will 
be  a  selection  of  a  fitting  site.  This  should  be  on  an  eminence,  not  greater  than  is 
sufficient  to  command  a  clear  view  of  the  horizon  to  the  north  and  south,  and  over 
ground  admitting  of  the  erection,  at  suitable  distances,  of  meridian  marks  in  both 
directions  ;  and  it  will  be  an  additional  advantage  should  the  view  be  uninterrupted 
all  round.     The  more  solid  and  dry  the  nature  of  the  soil  is,  the  better ;  and  it  is 
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coeotial  that  tli«  site  ihonld  ^se  remota  from  all  tfaorongh&rea,  puticaUrij  If  tor 
carriages.*  The  rieiiiitj  of  iwampjr  gnmiida,  from  vhioh  eilulaliaiii  night  arid^  and 
of  bdtoiies  or  other  vorkl,  from  th«  amoke  of  the  ohimoeji  of  whioli  annojing  Inter- 
nptiana  miglkt  be  oaoeed,  ihoald  also  b«  avoided. 

The  plan  of  arrangement  of  the  Imildiiig  whicli  ha«  getum^r  been  adopted,  and 
whioh  is  probablj  the  moat  coDTenient,  li  to  place  the  roomi  intended  for  meridiBB 
iulmmenta— Til.  the  trannt,  transit  eircle,  and  meridian  or  msikl  cUda — In  th« 
eentre,  their  tnnarane  dimesmona  being  truly  perpendieolar  to  Uia  meridian  line  ; 
whilst  the  tooms  for  insimmecta  adapted  for  obaerring  ont  of  the  meridian, — vli.  tlM 
'alUtndeand  aiimoth'  and  ' equatorial '  ioEtmrneDts, — requiring  rotatiTa  forma  and 
a  more  commanding  eleralion,  maj  be  placed  on  the  SankM,  (8««  Plates  I.  II. 
lU.  IV.) 

The  dimensimiB  and  reqnirementa  of  the  several  aparttncnl*  will  be  noUoed  under 
the  heads  of  the  instrnmeata  for  the  reception  of  which  the;  are  intended. 

The  compnting  or  vaiting  and  attendanta'  t«oms  nay  be  attaohed  ai  wings,  or 
perhaps  more  convenientlj  placed  in  the  centre  sefartlting  the  meridian  instmment 
rooma^  where  there  ia  more  than  one.  In  these,  fire-placea  ma;  be  constrnoted,  which, 
the  neeestit;  of  maintaining  an  uniform  tempeiatare  and  prereiidng  dranghtij  iwider 
inadmissibls  in  the  obserring-roonu. 

Should  the  obaerrator;  be  a  national  oae,  or  of  auch  important  chanuter  as  to 
require  (ho  constant  and  immediate  preseaoe  of  the  ofaaerver,  his  residenoe  may  be 
attached  as  a  wing,  care  b^g  tokeu  that  its  elcTation  does  not  break  the  sweep  of 
ibe  extra-meridional  instrnmenta. 

In  regard  to  the  structure  itself,  of  whaterer  material  the  nr«iuiiitaniie«  of  the 
locaLt;  may  neoessitate  its  being  built,  soliditj  and  drrssss  should  be  the  conditions 
■ought  to  be  attained.  The  foundaUon  of  the  walla  ihonld  be  tarried,  if  possibly  as 
low  a*  the  bases  of  the  piers  of  the  invbmmenta  wbich  thej  envelope  :  a  Mntnm  of 
a«pbalte  aboold  be  placed  at  a  sufficient  distance  below  the  floor  w«ll-plate,  to  admit 
of  a  thorough  ajstem  of  ventilaUon  being  carried  under  tha  flooriBg ;  and  above  (hat 
level  tbe  eitemal  earth  should  not  be  allowed  to  touch  the  walla,  bnt  kept  from  tbsm, 
if  neceaaary,  b;  a  small  covered  area. 
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based  at  snob  &  deptb  as  may  be  necessary  to  insoie  this  condition.  All  tbe  earth 
between  it  and  the  external  walls  should  be  excavated  and  remored,  none  being  snf- 
fered  to  rest  against  it,  and  tbe  floor  must  not  be  permitted  to  be  in  contact.  The 
best  supports  for  the  ends  of  the  axis  are  solid  stone  prisms,  of  such  a  height  above 
the  floor  as  to  enable  the  observer,  reclining  on  his  observing  chair,  to  note  the  transit 
of  stars  in  or  near  the  zenith  ;  and  they  should  be  selected,  not  only  from  the  same 
quarry,  but,  if  possible,  cut  from  the  same  block. 

The  smaller  class  of  transit  instruments,  those  varying  from  2  to  8  feet  in  length, 
are  more  generally  considered  as  portable  instruments,  their  chief  purpose  being  to 
obtain  exact  time,  whilst  the  larger  instruments  are  principally  employed  in  deter- 
mining, with  minute  accuracy,  the  positions  in  right  ascension  of  heavenly  bodies. 

These  smaller  instruments  are  usually  mounted  on  cast-iron  standard  frames,  sup- 
ported on  piers  of  stone  ;  *  but  when  permanentiy  fixed,  it  would  be  desirable  that 
even  they  should  be  mounted  in  the  manner  of  the  larger  instruments,  the  tops  of 
the  supx>orting  pillars  being  corbelled  inwards  (on  account  of  the  shortness  of  the 
axis),  to  afibrd  room  for  the  observer  to  pass  between  and  beneath.  The  dimensions 
of  the  room  for  instruments  of  this  class  may  be  12  or  18  feet  from  north  to  south, 
by  10  or  12  feet  in  breadth. 

The  indispensable  accompaniment  of  the  transit  instrument  is  the  astronomical 
clock.  Its  value  depends  on  the  regularity  of  its  vibrations ;  and  to  secure  it  against 
external  influences,  it  should  be  carried  on  a  solid  and  independent  stone  pier,  sunk 
to  the  same  level  as  tbe  basis  of  that  which  carries  the  transit  itself.  The  best 
position  for  the  dock  is  on  the  south  side  of  the  transit-room,  and  on  the  right  hand 
of  the  observer,  looking  south. 

To  admit  of  the  transit  telescope  being  directed  to  any  part  of  the  meridian,  an 
opening  in  its  plane  is  required  in  the  roof,  and  to  be  carried  down  through  the  side 
walls  to  a  little  below  the  level  of  the  axis  of  the  instrument.  In  order  to  bring  the 
temperature  of  the  internal  as  speedily  as  i>038ible  to  that  of  the  external  air,  and  to 
prevent  in-draughts,  this  opening,  for  the  larger  instruments,  should  be  about  2^  or  8 
feet  in  width.  The  shutters  to  close  it  m^^y  be  in  two  or  more  lengths,  according  to 
circumstances,  and  constructed  so  as  to  slide  either  entirely  over  the  opening,  or  to 
meet  in  two  pieces  in  the  centre,  motion  being  communicated  from  below  by  a  winch 
and  cordage ;  but  in  either  case,  most  careful  workmanship  and  an  ample  lap  are 
necessary,  to  prevent  leaking  at  the  junctions.  The  vertical  shutters,  in  one  or  more 
pieces,  may  either  slide,  or  revolve  in  the  ordinary  manner  on  hinges. 

For  the  smaller  instruments,  the  aperture  need  not  exceed  18  inches  in  width,  and 
the  shutters  may  be  constructed  to  turn  back  on  hinges,  in  the  manner  of  the  lid  of  a 
box.  They^  will  generally  be  most  conveniently  arranged  in  two  pieces,  meeting  at 
the  apex  of  the  roof,  thus  admitting  of  the  half  on  that  side  from  which  the  wind 
blows  being  closed,  and  of  observations  being  taken  on  the  opposite  side,  which  might 
otherwise  be  attended  with  difficulty ;  though,  where  the  whole  length  does  not 
exceed  10  or  12  feet,  the  fall  being  in  one  direction,  the  shutter  may  be  in  a  single 
piece,  with  the  advantage  of  being  free  from  the  liability  to  leak  immediately  over  the 
instrument.  In  the  Chatham  Observatory  the  shutters  are  readily  opened  by  means 
lat«  VI.  figs.  1  of  a  hook  and  ball,  at  the  end  of  a  short  pole,  fitting  into  an  eye  on  the  inside,  and 
'*  are  kept  open  by  sliding  the  foot  of  the  pole  into  a  socket  screwed  upon  the  window 

sill,  and  the  vertical  cut  is  very  conveniently  combined  with  the  windows.     The  roof 


*  Much  inoonTenienee,  if  not  difficulty,  it  found  in  obMrving  traxuila  near  the  ssnith  with  |be 
Chatham  so-inch  imtrttment,  which  ia  monntod  in  thui  manner*  The  proposed  mode  of  mounting 
if  shewn  in  Plate  V. 
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itself,  coTered  -with  ImuI  or  iidc,  oaght  not  to  ban  a  greater  f*U  thtm  it  aeouarj  to 
carT7  off  the  nia  ;  and  th«  vindowl  eHonld,  in  the  nartfaam  hemisphere,  be  pUoed  on 
the  north  side  of  the  room. 

The  mural  Meridian  CiitU. — This  inBtrnment,  tbc  use  of  vhicb  is  to  meamre 
angular  distances  on  the  meridian,  ejtbei  with  referenca  to  a  Sxed  horizontal  or  polar 
zero,  is  snpported  on  tbe  lai^r  eod  of  a  strong  conical  axis,  bearing  in  collua  or  t's 
£ied  in  a  Eemi'Cjliiidrioal  hoUow  cut  in  tbe  mass  of  a  aolid  stone  wall  or  pier,  placed 
with  its  length  north  and  lonth  ;  and  close  and  parallel  to  one  face  of  which 
(generallj  the  eastern)  the  circle  ia  reqnired  to  ceTotre  steiulilj  in  the  plane  of  the 
maridian.  To  the  lace  of  tbe  pier,  also,  ate  attached  the  micrometer  microicopes  for 
reading  the  graduated  ring. 

The  same  conditions  of  solidity  of  lasis  and  of  material,  and  of  perfect  insnlation, 
are  required  for  the  pier  of  this,  as  for  that  of  tbe  transit  instrament  The  dimen- 
■ions  of  the  pier,  above  the  Boor-line,  for  the  Greenwich  mnral  drcle,  which  is  6  feet 
in  diameter,  and  maj  be  considered  as  the  standard  in  siie,  are  7  feet  in  length, 
10  feet  in  height,  and  four  feet  in  thickness.  It  is  composed  of  four  solid  stonee  laid  flat, 
one  on  the  other,  and  from  the  under  side  of  the  third  stone  is  cut  the  grooTB  to 
receire  tbe  bearings  of  the  aiis,  the  steadiness  of  which,  at  the  height  of  abont  5  feet 
6  inches  above  the  Boor,  is  thna  secured  bj  the  heairsuperincnmbent  maai.  The 
moral  circle  is  not  adapted  nor  intended  for  transit  obaerrations,  thoogh  attempta 
have  been  made  so  to  apply  it ;  but  a  good  eb>ck  is  a  necessary  appendage  to  ita  use, 
particularly  whau  placed  tn  a  separate  room,  which  it  onght  always  to  be.  The  siie 
of  the  room,  and  also  the  arrangemenla,  as  regards  the  opening  in  the  roof,  the  shut- 
ters, &C,  shonM  be  the  samt^  nearly,  as  those  for  a  transit  itistmment  of  the  same 
length  of  telescope. 

The  Trantii  Circle,  combioini;  the  properties  of  both  the  trandt  and  the  mural 
circle^  and  requiring  but  one  room  and  a  single  obserrcr,  may  be  employed  to  answer 
the  purposes  of  both  these  instrnmenta,  reqairing,  each  of  tbem,  separata  rooms  and 
ohserrers.  This  instrument,  carrying  a  tnnsit  telescope  within  a  strongly  framed 
and  braced  double  circle,  is  supported  by  a  dooble-cooed  axis,  restiog  on  a  pair  of 
stone  pillars  in  the  manner  of  a  transit  instrument.  The  same  preeaations  are  re- 
quired as  for  that  instrument,  and  the  same  arrangement  of  the  room  and  roof.  A 
transit  drcle  of  the  diameter  of  6  feet,  understood  to  have  been  cast  in 
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juring  its  property  of  giving  accurate  vertical  measurements,  its  use  is  very  compre- 
hensive. When  accurately  adjusted  to  the  plane  of  the  meridian,  which  is  its  true 
astronomical  position,  it  may  be  made  to  perform  as  a  transit  circle,  giving  rigbt 
ascensions  or  true  time,  as  well  as  altitudes  and  zenith  distances,  from  which  latter, 
latitude  may  be  determined  :  though,  with  more  correctness,  from  several  observations 
near  the  meridian. 

Time  and  latitude  may  also  be  obtained  by  observations  in  other  positions  of  the 
instrument,  as  by  absolute  or  equal  altitudes  or  transits  over  the  prime  vertical, 
and  the  direction  of  the  meridian  line  may  also  be  very  conveniently  determined 
with  it. 

In  the  larger  instruments  of  this  description  (the  vertical  circle  of  that  in  the 
Dublin  Observatory  being  as  much  as  8  feet  in  diameter, — others  of  5  and  3  feet), 
there  are  some  differences  in  the  arrangement  of  their  supports,  principally  in  the 
manner  of  steadying  the  upper  pivot  with  which  some  of  them  are  constructed.  In 
the  one  recently  erected  in  the  Royal  Observatory,  Greenwich,  the  summit  of  the 
slightly  tapering  circular  brick  pier  carrying  it  is  spread  out  into  the  form  of  a  tripod, 
on  which  rests  a  triangular  frame  of  cast  iron,  formmg  the  basis  of  a  system  of 
wrought  rod-iron  vertical  triangles,  crowned  by  a  horizontal  one  (the  angles  all 
uniting),  in  the  centre  of  which,  formed  by  the  junction  of  three  bars  radiating  to  its 
angles.  Is  the  socket  to  receive  the  upper  pivot  of  the  instrument.  A  solid  circular 
block  of  stone  in  the  centre  of  this  truss  carries  the  instrument,  which  is  of  great 
weight,  solidity,  and  steadiness,  and  was  especially  designed  by  the  Astronomer  Royal 
for  observing  lunar  altitudes  out  of  the  meridian.  The  diameter  of  both  its  vertical 
and  azimuthal  circles  is  3  feet. 

The  smaller  instruments,  such  as  have  a  15-inch  or  18-inch  vertical  and  horizontal 
circles,  and  which  are  portable  and  of  very  extended  utility,  are  generally  supported 
on  foot-screws,  three  in  number,  resting  in  brass  cups,  either  fastened  on  a  masonry 
pier  when  in  a  permanent  observatory,  or  on  a  wooden  tripod  stand  when  for  tempo- 
rary use  in  moving  about.  When  mounted  in  a  permanent  observatory,  the  pier  of 
support  should  be  constructed  with  the  same  regard  to  solidity  and  insulation  as  has 
been  before  pointed  out,  and  must  be  carried  up  to  a  sufficient  height  to  admit  of  the 
instrument,  when  in  place,  having  a  complete  command  of  the  heavens  over  the  tran- 
sit-room, or  other  adjoining  buildings. 

For  an  18-inch  circle,  the  top  of  the  pier  may  be  2'  by  3'  6",  the  larger  dimension 
being  placed  north  and  south,  to  give  space  for  a  mercurial  trough  being  placed  for 
observations  on  the  meridian  by  reflection.  The  form  of  apartment  best  adapted  for 
the  Instrument  is  the  circular,  or,  at  all  events,  such  a  form  as  ^  receive  a  circular 
curb  to  carry  a  rotatory  dome  ;  and  as  it  is  desirable  that  no  unnecessary  force  should 
be  required  to  put  the  dome  in  motion,  the  diameter  should  not  be  greater  than  the 
convenient  working  of  the  instrument  demands.  For  an  18-inch  circle,  10  or  12  feet 
will  be  sufficient ;  for  a  3-feet  circle,  14  or  15  feet. 

The  rotatory  roof,  or  dome,  may  be  either  conical  or  spherical  :*  the  former,  how- 
ever, is  much  the  simpler  and  more  economical  construction,  and  the  shutters  can  be 
much  more  easily  applied  to  the  cut  which  is  necessary  on  one  side  of  it,  extending 
also  about  a  foot  or  so  across  the  apex.  The  upper  part  may  be  separately  opened 
for  zenith  observations,  and  closed  by  a  shutter  in  the  manner  shown  in  figs.  1  and  2, 
Plate  IV.  The  lower  part  may  be  conveniently  opened  and  closed  by  a  rod  or  hook, 
as  shown  in  figs.  3  and  4,  Plate  VI. ;  and  as  a  means  of  increased  lightness,  these 

*  The  roof  over  the  Greenwich  inatroment  i«  cylLudrical,  with  a  nearly  flat  top,  and  ia  12  feet  ia 
diameter. 
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Bhutten  ma;  be  coTered  vitli  punted  caaru,  the  r«st  of  Oie  roof  b^g  covared  wiiii 
line  (aa  is  the  case  in  the  Chatham  ObwrMtorjr )  or  copper.  Then  tie  atvtnl 
methods  of  auppoiting  the  roofiD  as  to  obtatD  a  eircular  maUan,  sa  OQ  fixed  roUen, 
on  ball9  moving  in  square  chaDoeli,  or  on  balls  runniog  freel?  in  coQcaTe  ehaonelB, 
both  over  and  under  the  halls.  The  secoad  aethoJ  is  shorn  hj  Gg.  t,  Flste  VII., 
being  that  used  for  the  altitude  and  asimuth  room  of  the  Chatham  ObBeryator;,  but 
the  lost  method  is  that  which  prodacee  h;  far  the  freest  motion.  Fig.  2,  Flats  VII., 
shows  the  section  of  the  channels,  on  this  principle,  of  the  15-feet  dome  orer  tbs 
Chatham  equatorial.  The  dome  over  the  large  equatorial  telescope  recently  moonted 
at  Cambridge  by  the  A^tmnomer  Royal,  which  is  S6  feet  in  diameter,  In  form  a  flatter 
one  resting  on  the  frustrnm  of  a  sharper  cone,  and  framed  of  wrought  iron  biaMd 
with  hwp-iron  aud  covered  witli  sine,  ia  also  carried  in  tliia  manner,  and  revolTea 
with  perfect  freedom.  Pig.  &,  Plate  VIL,  ia  a  section  of  its  channels  and  halls.  The 
mdiua  of  the  sunken  surface  maybe  twice  the  di.-kiiieter  of  the  balls,  of  which  six  ia  the 
proper  number  to  employ. 

To  give  motion  to  the  amoller  domes,  not  exceeding  12  feet  m  diameter,  the  force  of 
the  band  ia  sufficieut,  and  may  be  applied  either  to  pins  or  bandies  let  into  the  inner 
face  of  the  curb  ;  or  shanid  that  be  inconvenientlj  high,  (o  a  Axed  handle  brought 
down  to  a  suitable  position  (figs,  3  and  *,  Plate  VII.).  For  the  larger  domes,  the 
application  of  levers  and  other  mechanical  conlrivancea  to  commnnicate  quick  or  (low 
motion  is  required.  Figs.  1  and  2,  ptate  VII.,  show  the  form  of  the  teven  for  the 
Chatham  equatorial  dome. 

It  may  be  a  necessary  precaution  to  secure  such  domes  aguast  liability  to  displace- 
ment in  storms  or  gales  of  wind,  and  for  this  purpose,  hold-fasts  or  other  means  must 
be  employed,  which  there  can  be  no  difScultj  in  contrlviug. 

The  Jtepealing  Circle,  by  Borda,  it  an  instrument  which,  as  it  reqnirea  nearly  the 
same  aceommodalion  as  Ihs  altitude  and  aiimuth  instrument  of  the  same  size,  may  be 
mentioned  in  conjunction  with  ii.  The  principal  difference  is,  that  the  supporting 
pier  must  be  somewhat  broader,  to  give  space  for  an  illuminating  lamp  on  a  separate 
■land.  The  chief  astronomicsl  use  of  this  instrnment  is  to  observe  circum-meridian 
alUtudes  for  latitude.  Time  may  also  be  obtained  with  it  by  equal  or  absolute  alti- 
tades.     Its  perfect  manipulation,  however,  demands  two  observers,  and  it  is  altogether 


OBSERVATOEY,  ASTRONOMICAL.  473 

Like  the  altitude  and  azimuth  instnunent,  the  equatorial  must  be  mounted  high 
enough  to  command  the  heavens,  and  imder  a  rerolying  roof. 

The  size  of  the  instrument,  and  the  form  of  its  mounting,  with  a  due  regard  to 
sufficient  accommodation  and  the  easy  working  of  the  dome,  will  regulate  the  diameter 
of  the  apartment. 

When  great  optical  power  for  astronomical  inyestigations,  fur  the  oheerration  of 
occultations,  of  eclipses,  of  Jupiter's  satellites,  or  for  micrometrical  measurements  of 
the  planets,  &c.,  is  required,  larger  telescopes  must  necessarily  be  employed.  These 
are  generally  eqaatorially  mounted,  and  carried  by  clock-work,  the  graduated  circles 
being,  however,  more  for  finding  objects  than  for  determining  their  positions ;  and 
when  advantageous  sites  offer,  they  may  be  placed  (as  they  frequently  are)  in  isolated 
buildings  specially  constructed  for  them. 

The  instruments  which  have  now  been  mentioned  comprise  all  those  with  which 
modem  observatories  are  ordinarily  furnished.  The  Zenith  Sector  has  not  been 
referred  to,  as  it  is  not  understood  to  be  now  in  use  in  any  permanent  observatory, 
and  the  recent  construction  of  the  instrument  by  the  Astronomer  Royal,  for  the 
Ordnance  Survey,  is  considered  more  as  of  a  portable  character.  The  great  reflecting 
telescopes,  as  Sir  W.  Herschers,  Lord  Eosse's,  &&,  it  is  also  unnecessary  to  do  more 
than  merely  mention. 

Portable  Observatories  now  remain  to  be  described.  Their  construction  will  differ 
according  to  the  purpose  of  the  instrument  which  they  are  intended  to  give  cover  to, 
and  may  be  considered  as  of  three  classes ;  namely  for  the  altitude  and  azimuth 
instrument,  the  transit,  and  the  zenith  sector,  the  principal  instruments  which  ai'e 
poi-tably  employed. 

For  the  first  (the  altitude  and  azimuth  instrument),  the  observatory  which  was 
designed  and  used  by  Sir  John  Herschel  at  the  Cape  supplies  all  that  can  be  required, 
and  it  also  suffices  for  the  transit  instrument. 

The  observatory  used  on  the  Ordnance  Survey  for  the  first-class  theodolites 
(described  by  Major  Robinson,  R.E.,  in  Part  III.,  and  figured  in  Plates  VIII.  and 
IX.)  may  also,  with  a  little  modification  in  the  roof,  be  adapted  to  this  instrument 
when  circum-meridian  observations  only  are  desired.  For  the  other  instruments, 
the  transit  and  zenith  sector,  the  observatories  used  on  the  Ordnance  Survey  (also 
described  by  Major  Robinson,  and  illustrated  in  Plates  XII.  and  XIII.)  are  very 
complete. 

With  these  examples,  then,  there  can  be  no  difficulty  in  at  any  time  designing  for 
any  particular  instrument  a  portable  shelter.  It  seems  only  further  nece&sary  to 
remark,  that  the  floors  of  each  of  these  observatories  must  be  kept  quite  clear  of  the 
stand  of  the  instrument,  which,  were  it  practicable,  it  would  be  desirable  always 
to  base  on  solid  rock  ;  but  as  this  cannot  often  be  the  case,  stout  stakes  should  be 
driven,  when  possible,  firmly  into  the  ground,  and  the  heads  prepared  to  receive  the 
feet  of  the  tripod. 

Although  this  paper  was  intended  to  have  reference  to  the  construction  of  Obser- 
vatories only,  and  not  to  practical  observing  ;  yet,  as  it  has  been  thought  it  might  be 
useful  to  add  some  memoranda  on  this  subject,  the  adjustment  of  such  of  the  instru- 
ments as  are  most  frequently  met  with,  the  corrections  for  residual  errors,  and  the 
formula)  for  the  reduction  of  observations,  are  briefly  touched  on,  and  the  forms  for 
recording  observations  used  at  the  Chatham  Observatory  are  given. 

The  purpose  of  the  transit,  as  has  been  stated,  is  chiefly  to  obtain  true  time,  and 
to  determine  right  ascensions.  To  this  end  it  is  necessary  that  the  centre  wire  of  the 
telescope  should  be  vertical,  and  the  line  of  sight  through  it  perpendicular  to  the  axis, 
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or  in  collimation  ;  bIoo  that  the  kiia  aliDiitil  b«  ItTel,  and  the  teUicope  rerdn  in  tlie 
plane  of  the  meridiut.  The  isatiiimeat  IraiDg  broagbt  Rpproximstel;  into  poaition,  the 
adjastmeiila  ore  completed  \ij  meanB  of  proper  aerewa  pnirided  for  tbs  patpoce ;  but 
perfect  adjuatmeDt  csnnat  be  eipecled  to  be  obtained,  and  remsiniBg  erron  mart  b* 
allowed  for  bj  computation. 

For  IsTvl,  the  striding  leiel  moit  be  applied  before  and  after  each  obaemtUon, 
and  the  difference  between  the  snm  of  the  east  and  the  sum  of  the  wtat  leading! 

being  token  then,  1  of  that  difference  x   _i^'. .  of  itar  obaerred   =   tlie  cor- 

coa.  deelin*. 
lign  +  or  —  ;  and  M  the  diviiiona  of  acal*  Mt 
ifli',  the  eorrectioD  will  be  in  lOths  of  weonili 
cfUme. 

Por  collimation,  obaerre  the  paaaage  of  a  atar  of  verj  high  declination  over  tba 
let,  2ad,  and  3id  wliea,  and  again,  in  a  rereiaed  poaiUon  of  the  inatrament,  oTer  the 
ith  and  fith,  which  in  the  let  poaition  were  the  2nd  and  lit,  Dotug  the  level 
readinga  before  and  after  eacb  poaaage  :  tiipn  the  difference  between  the  mean  of  the 
lat,  2nd,  4th,  and  Sth,  and  the  3rd,  each  corrected  for  level,  ii  the  error  doe  to  solli- 
mation ;  which  error  x  by  cob.  declination  of  atar  oblerved  ii  the  collimaWon  error 
or  effect  on  an  equatorial  ator  ;  the  Correction  for  an;  olher  star  =  coUimation  error 
X  secant  of  declination  of  that  itsr.  Attention  must  of  oouiae  be  paid  to  the 
eigna. 

Fur  azimuth,  transits  of  two  aiara,  either  an  opposite  aides  of  the  lenill  remoto 
from  each  other  u  poaaible,  or  on  oppoeile  sidea  of  the  pole,  bnt  on  the  aame  aide  of 
the  lenith,  if  each  be  near  tlie  pole,  the  more  accurate,  are  to  be  observed.  Then, 
the  aau)  of  the  errors  produced  on  the  transits  (each  corrected  for  level  and  eollima- 
tion),  aacertained  bj  CDrnpariaan  with  the  proper  Interval,  will  be  the  effect  of 
aximuthal  deviation.      Calcalate  the  result  of   1'  aiimuth  error  on  each  atar  = 

~      .    . . -^ '  then  the  deviation  =  the  observed  «un  of  the  eiron  divided  by  the 

DM.  ait. 
auma  of  the  two  reaulta.     The  correction  for  deviation  for  any  alar  =  oiiB"~fc:lii,«  " 

by  the  deviation.      The  anmath  error  may  be  obtained  hy  tranuta  of  alan  in  other 
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To  aeoertain  the  error  of  other  time-keepera  b;  oonipsrisOD  witl  the  dock  which 
is  tbiiB  Doted,  a  molt  accurate  method  is  gitea  b;  the  ABtronomei  Boja]  in  Fart  11. , 
and  the  followiog  ia  the  dulj  foria  of  radnction  for  error  of  a  inetui  i 
at  Chatham  : 

S 
Clock's  error  4  J-JliTow. 
Bate  ...        -43  loang. 


20   11    ie-SO  sidereal  tim 


2   £S   4fl-GG  difference. 


1   59    40-34 1 

G7    60'4el 

45-87  J ' 


a  cqnivaleuta  for  abate  difference. 


2 

68 

17-24 

12 

U 

1 

42-76 

U 

0 

B5- 

n  interral  from  nuon  by  clock. 


an  time  a.m.  b;  clock. 
10  b;  clirauometer. 


■2   22-17  OTTO 
.  of  observation: 


of  chronometer,  alow. 

will  be  eonsidenlilj  facilitated  b;  preparing  a  table 
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the  meridian  maj  be  computed,  aasaming  a  value  for  the  latitude,  £rom  the  formuhc 

,^       Bin.  declin".         ,  .  cot.  lat.         _  •      xv    •  _x  j. 

sm.  alt.  =  — : — ri —  cos.  hour  angle  =     ^    ■    ,.  ,  .    Bj  reveraing  the  instrument 
sin.  lat.  °         cot.  declm". 

between  the  east  and  west  observations,  the  error  of  collimation  is  counteracted,  and 

a  deviation  of  a  few  minutes  from  the  prime  vertical  will  not  be  of  any  material 

importance.     The  error  in  the  level,  therefore,  need  only  be  observed,  producing  a 

similar  amount  of  error  in  the  result. 

The  use  of  the  Altitude  and  Azimuth  instrument  has  previously  been  explained  and 
requires  that  the  vertical  circle  and  axis  of  the  telescope  shall  in  all  positions  of  the 
instrument  describe  a  great  circle.  The  adjustments  are — Ist,  To  set  the  vertical 
axis  perpendicular  to  the  horizon.  This  is  effected  approximately  by  the  ground 
levels  attached  to  the  lower  circle,  and  more  accurately  by  the  graduated  level  hung 
to  the  arms  carrying  the  microscopes,  and  by  the  foot-screws.  2ndly,  The  horizontal 
axis  of  the  upper  circle  and  telescope  must  be  set  level.  This  is  done  by  passing  the 
striding  level  between  the  bars  of  the  circle,  and  reversing  it.  3rdly,  The  micrometer 
microscopes  must  be  brought  into  a  diameter  of  the  circle,  and  adjusted  to  distinct 
vision  and  correct  measure  of  the  graduations  on  the  limb.  4thly,  The  optical  ad- 
justments of  the  telescope  are  to  be  perfected,  and  the  central  wire  caused  to  describe 
a  great  circle  ;  and  finally,  the  micrometer  microscopes  are  to  be  re -adjusted,  and  the 
error  of  collimation  in  altitude  to  be  removed  or  ascertained. 

It  is  not,  however,  to  be  expected  that  the  errors  can  be  entirely  destroyed  by 
adjustment.  The  indications  of  the  level  must  be  noted  in  reversed  positions  for  all 
observations,  and  the  error,  =  \  the  difference  of  the  sums  of  the  readings  (face  of 
instrument  right  and  left),  allowed  for  ;  and  in  collimation,  the  errors  both  in  alti- 
tude and  azimuth  may  be  eliminated  by  making  the  observation  in  reversed  position, 
that  is,  with  the  face  of  the  instrument  both  right  and  left,  which  should  always  be 
done  when  possible. 

There  are  several  methods  by  which  latitude  may  be  obtained  by  means  of  the 
altitude  and  azimuth  instrument. 

1st,  By  observing  the  greatest  and  least  altitude  of  a  circumpolar  star.  The  mean 
of  the  observations,  each  corrected  for  refraction,  &c.,  will  be  the  latitude.  In  the 
northern  hemisphere,  Polaris  and  8  Ursss  Minoris  are  excellent  objects  for  this  purpose. 
2ndly,  By  observation  of  the  meridian  altitude  of  any  heavenly  body  whose  decli- 
nation is  known  ;  which  is  the  method  most  generally  adopted  :  and  Srdly,  as  the 
result  of  both  the  previous  methods  is  dependent  on  the  accuracy  of  a  single  obser- 
vation, with  greater  precision,  probably,  by  circum-meridian  observations  of  a  star  or 
other  object^  that  is,  by  taking  several  altitudes  before,  and  an  equal  number  after 
passing  the  meridian,  and  as  nearly  as  possible  at  equal  distances  from  it,  noting  the 
time  of  each.  The  instrument  should  be  reversed  between  the  eastern  and  western 
observations,  thus  destroying  the  effect  of  collimation  error ;  and  the  observations 
should  be  limited  to  not  more  that  15  minutes  on  each  side  the  meridian  when  the 
zenith  distance  exceeds  80^  and  to  not  more  than  8  minutes  if  less. 

The  correction  to  be  applied  to  the  altitude,  or 

ft       3'^        sin.  co-lat.  sin.  Polar  dist.  ^ 

Zen.  dist.  =  — : -TT— : — — —  X  vers  P, 

sm.  zen.  dist.  x  am.  1" 

in  which  an  approximate  value  of  the  co-latitude  is  assumed,  and  the  other  quantities 
for  each  observation  being  the  same,  the  mean  of  the  versines  of  the  hour  angles  (P) 
has  only  to  be  applied  to  the  general  formula. 
The  form  of  record  for  observations  with  the  altitude  and  azimuth  is  as  followB  : 
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Obttnatitmt  on  or  n«ir  the  Meridian  of  the  Obitrvatory  of  Iht  Rot/at  EngtKttr/ 
BitaUUhmtnt,  CItalAam. 
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Iiatitnde  ia»j  be  obbuned  &tao  with  this  inatrament  hj  obstmtiaat  at  the  truiiita 
of  Bten  over  the  prime  TsriicaJ,  as  with  the  traosil  iDstrniaeDt,  and  tito  bj  obaeira' 
tioDB  of  PoIoHb  out  of  tbe  meridian,  of  which  l&tter  method  >  (tcecripUon,  with  Tablea, 
ia  gicen  in  ths  Naatiesl  Almimac. 

To  obtain  time  with  this  inetrament,  two  methods  ma;  be  employed :  let,  bj  a 
uogle  altitude  OH  or  near  the  prime  verti<a1.  Ia  this  case  the  lalitade  is  ■nppoeed  to 
be  fcaoim,  and  the  hour-aogle,  and  caiiBeqiientl}r  tbe  time,  is  obtained  from  the 
fonaola. 

sin,  ?.?.?=  V'ein.  (S  -  F  S)  ■  ein.  (8  -  ZP)" 


in  which  Z  P  S  ii  the  hoaT-angls  formed  b;  the  meridian  of  the  object  and  of  the 
obserrer,  P  S  the  oo-deoUnation  of  the  object,  Z  P  tbe  oo-latitnde,  and  Z  S  the  oo- 
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otiicmtion  of  >  aiogle  slcitnde,  when,  Ike  Utitude  b«uig  koawn,  the  uimuth  angle 
may  b«  eompi]t«iI. 

Id  regard  (o  the  repeating  citeU  by  Bordi^  its  priacipal  sstroaooilcAl  UM  hu  beea 
■tated  to  be  in  obseniDg  dream -meridiaD  lenith  distances,  or,  bj  reflection,  alUtadea. 
The  aJjastmenta  consist  ia  making  the  npriglit  aiis  perpendicular  1^  meane  of  the 
nain  lerel  attached  to  the  back  of  the  circle,  and  the  plane  of  tbe  circle  Tettical  bj 
the  small  erosa  level  on  the  counterpoise  end  of  its  aiia.  Tbe  Dbaerrations  ere  made 
thus  :  the  teleacope  is  clamped  by  means  of  one  of  the  anna  carrying  tbe  vemieia  to 
the  dicle,  anil  the  object  bisected  by  the  elaw-motion  screw  of  the  circle,  whilst  the 
babble  of  the  level  ii  kept  near  the  centra  of  its  ran,  and  its  indication  noted  the 
moment  the  observation  is  complete.  Tbe  Tsrniers  are  then  to  be  read,  and  tbe 
iestrument  taresd  130°  in  aiimntb,  and  the  telescope,  by  nnclamping  the  vernier- 
plate,  ia  brought  over  the  lenitb,  agun  clamped,  and  the  object  again  biaected  by  tbe 
telescope  alow-motion  screw,  whilst  tbe  level  is  again  I'ead.  Twice  tbe  leailb  distance 
of  the  olject  basthoa  evidently  been  pofsed  over.  The  time  of  each  observation  mnst  be 
earefully  noted.  This  pteceee  may  be  repeated  es  often  as  may  be  tbongbt  fit,  and 
the  readings  of  the  first  and  last  observations  only  being  taken,  their  difference 
divided  bj  twice  the  number  of  repetitions  will  be  the  lenith  distance,  to  which  mnst 
be  applied  tbe  correction  for  level,  =  the  difference  between  the  sums  of  tbe  object 
and  eye-end  readings  divided  by  twice  the  number  of  observations,  —  if  the  object- 
end  be  the  greater,  and  -I-  if  the  eye-end.  The  following  is  the  form  for  lecoiding 
the  observations  : 


Obiertaiioiu  on  oi 


!)■  Ihc  Meridian  a/  At  Royal  Engineer*'  Obiei-valoni,  Chatham. 
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The  only  other  instrnmeat  which  will  now  be  referred  to  is  the  Ztnilh  SeeUir,  con- 
etrncted  within  the  last  few  years  for  the  Ordnance  Surrey.  In  del«nDiDiiig  latitadet 
in  the  field,  its  results  are  understood  to  have  been  highly  satiefactery.  Hanng 
been  placed  in  the  plane  of  tbe  meridian,  and  the  axis,  which  has  three  levels  attaehed 
to  il,  made  vertical,  or '  nearly  so,  the  observations  are  made  by  setting  the  telescope 
nearly  for  a  star,  reading  the  micrometer  microscopes  by  the  eeetors,  and  then  com- 
pleting the  obeervation  by  the  wire  micrometer  attached  to  tbe  eye-end  of  the  telescope, 
at  the  same  time  noting  the  level  readings  and  the  time.  The  instniment  is  then 
tamed  half-round,  and  tbe  obserration  repeated ;  completing  the  bisection  on  tbie 
side  by  the  langent-icrew,  again  noting  the  levels  and  time,  and  lastly,  the  readings 
of  the  micrometer  mieroscapes  :  the  double  eenith  distwce  is  thus  obtained. 
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As  it  ii  eonceirsd  Ifaat  In  GbH  opentiona  their  ^"^7  ^  of  gnat  ralne,  a  part  of  tha 
iDStmetions  vhidi  were  farniahed  to  (he  Officers  of  tbe  Bojal  EDgioeerB  vho  irer« 
engaged  in  the  rarre;  and  aitranomical  determination  of  pointe  in  the  Bonndar; 
between  the  United  Statei  and  Canada,  in  1843-5,  by  tbe  Astronomer  fiojal,  arc, 
witll  hi>  permiuion,  giren  in  Part  II.  J.  O.  H'S. 


PAST    II. — ON    THE    FBOFER    MANNEU   OF    COMFABINO   CHBONO- 
METBS8    AND    OTHEB    TIME-KEEPERS.* 

i.  I.  General  Rait. 

The  mort  important  of  all  tlungi  regarding  tbe  aocnrala  nse  of  tranritti  and  ebnno- 

meten,  is  to  acquire  tbe  habit  of  eonntjng  tbe  beats  of  tbe  clock,  oe  the  alternate  bcate 

of  a  half-seconds  chronometer,   without  looking  at  its  faca  while  wiiting,  or  while 

morag  abont,  or  throngh  any  distnrbaneo. 

1.  a.  To  compart  a  lular  half-ttcondl  ckranomtler  fnilh  a  lidtTtal  deck,  by  mhki- 
dtj\ft  ofbeatt. 

Flaoe  the  chronometer  on  a  stool  or  table  near  the  clock  ;  hold  a  memorandani-boo'k 
in  one  hand  and  a  pencil  in  tbe  other.  Listen  carefullj  to  bolh  the  clock  and  the 
<}iroDameter,  keeping  the  eye  £ied  on  the  eeconda-hand  of  the  cbionometer. 

The  beite  of  the  two  ioBtrumcnts  will  at  Erst,  perhaps,  follow  in  no  dislioct  order  ; 
but  IS  tbe  clock  gnins  on  the  cbronometer  it  will  be  found  that  they  appniach  Che 
state  of  beating  simnlUneoaBly.  Wbeii  you  are  Batis6cd  that  they  are  beating  simal- 
taneoiuly,  yon  mnat  mentally  lefccf  one  of  tbe  beats  which  you  luunme  to  be  per- 
fectly coincident,  (sa  tbe  precise  time  will  be  doubtful  during  a  few  seconds),  and 
immedistcly  write  down  that  Becond  (with  its  half-second,  if  it  happens  to  ho  a 
half-aeeond)  in  tbe  memorandum -book,  and  at  the  same  time  begin  cannting  tJie 
beats  of  tbe  dock,  1,  S,  3,  4,  t^.  Then  write  the  minutes  from  the  chronometer 
face,  and  then  the  hour  ( still  continning  to  count  the  beats  of  the  clock),  and  then 
turn  joat  eye  to  the  seconds-hand  of  the  clock  ;  continue  connting  Ull  tbe  seoonda- 
hand  is  at  a  conepieoona  place  ( the  brginning  of  tho  minates  or  of  one  of  the  tens); 
tul  then  stop.     'Write  down,  first  the  seconds  that  you  have  counted  ;  necondlj,  I 
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the  correction  is  made  by  ink  marks.  Then  the  process  of  comparison  vith  the 
sidereal  clock  will  be  exactly  the  same  as  that  for  a  half-seconds  chronometer.  It  wiU, 
howerer,  be  a  little  more  troublesome,  because  there  are  always  a  number  of  beats  at 
small  intervals  which  disturb  the  ear,  and  because  in  most  cases  tiie  chronometer  time 
will  be  a  fraction  of  a  second,  which  requires  a  little  care  ;  thus,  if  the  chronometer 
reading  be  one  which  follows  26— it  may  be  26*4,  26*8,  27*2,  27 '6,  or  28,  and  hence 
four  out  of  fiye  are  at  fractions  of  a  second. 

The  comparison  of  a  {-seconds  solar  chronometer  with  a  2-Becon(f!^  sidereal  chrono- 
meter will  be  made  in  the  same  way,  always  counting  the  alternate  beats  of  the 
sidereal  chronometer  (as  sfud  before  under  No.  u.). 

There  are  some  chronometers  which  beat  8  times  in  8  seconds  :  with  these  it  would 
be  requisite  to  mark  the  face  at  every  8  seconds,  and  then  supposing  a  coincidence  to 
be  at  one  of  the  beats  following  21%  it  would  be  at  21|,  21$,  22J,  22|,  22{,  28|,  28j, 
24.     This  is  therefore  very  troublesome. 

(u)  To  ae^uBt  a  portable  trantU  intirwnent, 

1.  As  early  as  possible,  correct  very  carefully  the  error  of  coUimadon,  and  make 
yourself  quite  sure  that  every  sorew  about  the  object-glass  and  wire-frame  is  quite  tight. 
This  may  be  done  by  the  use  of  any  mark  in  any  position,  at  a  distance  where  it  can  be 
distinctly  seen.  The  best  mark  will  be  a  hole  in  a  tin  plate  with  a  reflector  behind* it. 

2.  At  the  same  time,  by  reversing  the  transit  several  times,  and  levelling  carefully 
each  time,'  ascertain  whether  there  is  any  apparent  irregularity  of  the  pivots ;  and 
remember  that  half  the  apparent  error  is  in  future  always  to  be  left  in  the  position  to 
which  the  axis  is  raised. 

8.  As  soon  as  stars  appear,  look  for  Polaris  and  direct  the  transit  to  him,  taking 
care  that  the  axis  is  very  nearly  level.  With  the  time  by  account  find  his  hour-angle 
east  or  west  of  the  meridian  ;  with  this  and  the  latitude  by  account  find  his  azimuth 
at  the  observation.  Bring  the  transit  to  a  horizontal  position,  and  let  an  assistant 
carry  a  lamp  to  any  convffiient  distance,  and  move  it  ( by  signal )  till  it  is  under  the 
wire  ;  measure  the  distance  roughly  (as  by  pacing),  and  with  this  distance  as  radius, 
compute  the  value  of  the  azimuth,  and  shifb  the  lamp  by  this  quantity,  and  fix  it  for  a 
temporary  meridian  mark. 

4.  Direct  the  transit  to  this  mark,  and  level  it  carefully  ;  observe  the  transit  of  a 
star  as  near  the  zenith  as  possible,  and  you  will  have  the  correction  of  your  chrono- 
meter to  sidereal  time  very  nearly. 

5.  With  this  correction  compute  the  time  when  any  of  the  near  droumpolar  stars 
ought  to  pass  the  middle  wire,  A  Urs»  Minoris,  Polaris,  51  Cephei,  c  or  ^  Ursee  Mi- 
noris,  or  even  y  Cephei,  above  or  below  the  pole  (Polaris  is  the  best)  ;  and  as  the  star 
approaches  the  wire,  knowing  the  time  in  which  it  jmsses  from  wire  to  wire,  you  will 
be  able  to  see  whether  it  will  reach  the  middle  wire  about  the  proper  time.  If  it  is 
likely  to  be  so  far  from  it  that  the  adjustment  screws  will  not  bring  it  rights  shifb  the 
feet  of  the  stand  immediately  (this  must  be  done  rapidly  and  steadily),  till  it  is  very 
nearly  right ;  then  level  the  transit,  and  with  the  adjusting  screws  place  the  wire  on 
the  star  at  the  proper  time. 

6.  This  may  be  done  by  degrees,  by  using  different  stars  (as  they  pass  successively) 
for  successive  approximations.  For  this  purpose  it  will  be  convenient  to  have  ready 
at  hand,  a  table  with  the  circumpolar  upper  and  lower  positions.  Set  down  in  the 
mingled  order  in  which  their  upper  and  lower  transits  occur,  with  the  R.  A.  for  that 
day  placed  opposite,  and  another  column  in  which  the  R.A.  corrected  for  chronometer 
error  may  be  inserted  aa  soon  as  a  zenith  star  has  been  observed. 
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7.  While  mitiDg  ibr  these  circninpolar  stars,  if  a,  low  Kintics]  Almanw:  star  ahonld 
pus,  its  time  mn;  be  prepared,  sad  ui  endeaTonr  msde  to  plant  the  win  oa  it  at  the 
Itutant :  bnt  this  i<  Dat  to  be  done  after  a  eircampolar  atar  has  been  obserred,  be- 
canse  the  circnmpotar  detenainatioos  are  the  more  aomrat«. 

5.  As  the  anceesaiTe  comctioni  of  positjoni  are  made,  obaerre  anj  Mar*  that  pus 
prett;  high,  and  jon  will  get  more  and  moie  accniat«  corrections  of  the  chronometer 
far  nse  with  the  next  circnnipolu  glar. 

6.  After  tJtTj  B^ft,  level  the  transit  carcfullf  before  using  it  for  another  star. 

10.  In  this  «af  jod  will  in  two  or  three  hoars  get  the  transit  into  the  meridian 
with  scarcel7  an  appreciable  error  remaining.  When  that  is  done,  shift  the  tetopo- 
rar7  pontion  of  the  meridian  mark  delicately,  and  eien  fix  one  at  a  considenble 
distanoe  (by  signal)  exactly  under  (he  wire.  Tan  can  then  obaerre  a  few  stArs  for 
ehronomeler  error,  and  year  transit  may  he  considered  as  adjusted. 

11.  It  will  be  prodent  never  to  shift  this  mark  again,  bat  always  to  bring  the 
traout  npon  it,  and  level  carefnlly  before  every  obaenatioD.  Then  consider  the 
transit  as  having  sn  azimntbal  eiTor  Z.'  by  which,  when  directed  to  the  pole,  it  pointa 
too  much  In  the  west.  Then  prepare  for  all  the  stars  which  yon  are  going  to  observe, 
small  tables  of  the  numbers — 

sin.  star's  senith  distance 

"isVtdnTstar'sHPD' 

negative  between  the  zenith  and  the  pole,  and  positive  for  other  parts  of  the  me- 

By  comparing  the  eloek  errors  given  by  the  tranalls  of  eircnmpolar  stars  with  those 
given  by  any  other,  or  even  by  comparing  the  clock  errors  given  by  lenith  Stan  with 
those  given  by  low  stsn,  the  difference  of  these  clock  errors  (containing  a  maltiple  of 
Z.)  will  determine  Z. ;  snd  then  this  value  of  Z.,  multiplied  hj  the  factor  for  each 
star,  must  be  applied  to  the  observed  traosit  of  that  star. 

12.  In  a  faronrable  night,  the  transit  should  be  reversed,  and  some  trantils  of  cir- 
enmpolar  stars  and  elock  stars  be  observed  with  illnminated  end  east  as  well  as 
illuminated  end  west,  and  the  mean  should  be  used.  Tlie  collimation  ihoald  not  be 
tonahed  between,  but  the  axis  shoald  be  carofally  isveiled. 

13.  If  the  meridian  mark  mentioned  in  (II)  is  welt  guarded,  an  (hat  it  is  certain 
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compass  will  probably  suffice,  if  there  is  no  theodolite  at  band  (for  extreme  accuracy 
is  not  required,  and  observations  to  be  made  in  the  manner  hereafter  described  will 
give  the  means  of  correcting  the  results) ;  but  trouble  will  be  saved  by  fixing  the 
azimuth  as  precisely  as  possible. 

3.  Plant  the  transit  instrument  on  the  site  of  the  theodolite,  and  adjust  it  to  the 
new  E.  or  W.  mark,  and  level  it  very  carefully. 

4.  Prepare  a  list  of  stars  whose  declination  is  less  than  the  latitude  of  the  place, 

but  by  as  small  quantity  as  possible.     There  are  few  stars  in  the  Nautical  Almanac 

in  this  predicament,  and  you  may  be  compelled  to  use  other  Catalogue  stars.     Com- 

pute  roughly  the  zenith  distance  at  which  they  will  pass  the  prime  vertical  by  the 

formula 

sin.  declination 


cos.  Z  D  = 


sin.  latitude 


and  the  hour-angle  at  which  they  will  pass  the  prime  vertical  by  the  formula 

tan.  declination 

COS.  hour-angle  =  -— .  ...    .    • 

**  tan.  latitude 

By  means  of  these  the  time  and  position  will  be  sufficiently  well  known.  But  if  the 
latitude  is  very  uncertain,  it  will  be  necessary  to  look  out  some  minutes  before  the 
time  computed. 

5.  The  observation  then  will  consist  in  simply  noting  the  chronometer  time  at 
which  the  star  passes  the  wires  (taking  the  mean  as  usual) :  as  the  course  of  the  star 
will  be  very  oblique,  it  will  be  necessary  to  move  the  transit  so  that  the  star  shall 
cross  each  wire  at  that  part  at  which  transits  are  usually  observed. 

This  obs^ation  must  be  made  when  the  star  crosses  the  prime  vertical  both  east 
and  west  of  the  meridian. 

7.  The  observation  being  made,  and  corrected  for  chronometer  error  and  rate,  the 
mean  time  between  the  time  at  the  east  and  the  time  at  the  west  transit  will  be  nearly 
(but  perhaps  not  exactly)  the  same  as  the  R.  A.  of  the  star.  If  it  is  greater  than  the 
R.  A.,  it  shows  that  the  supposed  E.  mark  was  too  fiir  south,  if  the  hititnde  of  the 
station  is  north  ;  or  too  far  north,  if  the  latitude  of  the  station  is  south.  This  differ- 
ence  ought  to  be  the  same  from  different  stars  :  convert  it  into  arc.  Then  the  error 
of  azimuth  of  the  mark  will  be  found  by  the  formula 

tan.  error  of  azimuth  =  tan.  converted  difference  x  by  the  sin.  latitude. 

By  this  formula  the  place  of  the  mark  can  be  altered,  if  it  is  thought  necessary. 

8.  Half  the  difference  between  the  east  transit  and  the  west  transit  is  the  star's 
observed  hour-angle  at  passing  the  prime  verticaL  Then  the  latitude  is  determined 
at  once  by  this  formula  : 

_    tan.  star's  declination 
'  ""  COS.  observed  hour- angle 

This  ought  to  result  the  same  from  different  stars. 
0.  The  latitude,  or  mean  of  all  these  latitudes,  is  to  be  corrected  by  the  formula 

tan.  true  diff.  =  tan.  approx.  latitude  x  cos.  converted  difference. 

It  will  be  scarcely  altered  by  this  computation,  except  the  error  of  the  mark  be  very 
considerable. 

10.  If  these  operations  are  continued  for  several  nights,  it  will  be  proper  to  use  the 
transit  alternately  illuminated  end  east  and  west,  and  not  to  meddle  with  the  collima- 
tion  error  or  adjustment. 

11.  The  most  scrupulous  attention  must  be  given  to  the  levelling. 
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(iil)  To  dtlermitu  Ihe  laiitndt  viih  Ae  abiiud*  and  iaim%Uh  it 
1.  A4t<ut  the  udl  nearly  to  verticality,  and  the  anea  Kzii  nearlj/  to  horiionlftlitr. 
Accarata  adjoatnieDt  U  not  nt  &11  necessary. 

5.  Direst  the  telascope  to  the  star,  and  biaect  the  aUr  apon  the  middle  horUoutal 
irite,  and  note  the  time  of  the  obsgrratlDn.  Theareticall;  Bpeoling,  the  Star  a»j  be 
abterred  in  any  pert  of  ita  course  ;  bnl  pnctioallf,  anj  etar,  except  the  thraa  eiicam- 
poUr  itara,  ahonld  be  obaerred  iritllia  »  few  minnte*  vf  (he  time  of  Its  psning  tha 
meridian. 

8.  Eead  the  large  diTisioni  with  the  poiater,  and  read  the  two  Inicroioapea,  A  Uid 
B,  and  enter  the  reulings  in  your  book  ;  and  read  the  It'Vel,  riyhi  hand  and  Ufl  kand, 
and  enter  them  in  tlie  book  by  those  names,  and  not  by  north  and  eonth. 

i.  Then  tarn  the  iastrumcat  ISO*  in  aiimuth  round  its  vertical  axis,  and  go 
throagh  the  same  operation. 

6.  Eevert  to  the  fiist  poaition,  and  make  an  observation  ;  and  return  td  the  second 
position,  and  make  an  obaerradoD  ;  and  so  often  as  yon  think  fit. 

S.  Bead  the  barometer  and  thermometer. 

The  obserration  is  now  complete. 

T.  Add  togeUier  for  the  first  operation, — 

Reading  of  A. 

Beading  of  B. 

EqniTalent  for  lell-haod  level." 

Bubtrael  equivalent  for  rigiithind  level. 

Divide  the  remainder  by  2. 

Apply  the  pointer  reading. 
This  gives  the  uncorrected  circle  reading  of  A. 

S.  Do  the  same  for  second  obserrations  (noting,  however,  that  in  the  present  stat« 
of  divisions  it  will  be  sometimes  necosaary  to  increase  one  ralne  by  SO*),  and  yen  will 
have  the  uncorrected  circle  reading  of  second  observation. 
These  are  necessary  in  all  observations. 

9.  The  form  of  (he  farther  reduction  will  depend  on  the  natnrc  of  the  observation. 
Suppose,  as  a  first  case,  that  a  star  from   the  pole  has  been  observed  near  the 
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examine  the  constrnction  of  the  drcle.     Thus  the  corrected  circle  readiDgs  for  the 
meridian  are  found. 

13.  Half  the  difference  of  the  two  corrected  circle  readings  in  opposite  positions  of 
the  instrument  is  the  star's  apparent  zenith  distance  on  the  meridian.  In  using 
several  pairs  of  obserrations,  you  may  either  compare  the  mean  of  all  in  one  position 
vfiih  the  mean  of  all  in  the  other  position,  or  follow  any  other  rule  usually  adopted  in 
similar  cases.     Half  the  sum  of  the  corrected  readings  is  the  zenith  point. 

14.  The  refraction  is  to  be  computed  and  added  to  this  approximate  zen.  dist.,  and 
it  gives  the  star's  true  zenith  distance. 

15.  Take  out  of  the  Nautical  Almanac  the  star's  declination  for  the  day,  considering 
it  negative  if  the  declination  is  of  opposite  name  to  that  of  the  station.  Add  the  true 
zenith  distance,  if  the  star  is  on  the  side  of  the  zenith  opposite  to  the  pole,  or  add  the 
true  zenith  distance  to  the  star's  declination,  and  subtract  the  sum  from  180%  if  the 
star  is  below  the  pole.     Thus  the  latitude  is  obtained. 

16.  If  the  star  is  very  far  from  the  meridian,  find  the  star's  hour-angle  (as  in  10), 
and  reduce  it  to  arc.     If  this  arc  exceeds  90°,  subtract  it  from  180°. 

17.  Find  the  star's  distance  from  the  meridian  by  the  formula 

sin.  dist.  from  meridian  =  cos.  declin".   x  sin.  hour-angle, 

18.  Find  the  star's  distance  above  or  below  the  pole  by  the  formuhi 

tan.  dist.  above  or  below  =  cotan.  declin*.  x  cos.  hour-angle ; 

(above,  if  the  hour-angle  is  less  than  90°.) 

19.  From  the  circle  reading  (7,  8)  and  the  appit>x.  zenith  x>oint  (18)  obtain  an 
approximate  zenith  distance  to  aecondsj  and  correct  for  refraction. 

20.  Then  compute 

.    ,       -       ,        ..,    ,.„.               cos.  approx.    zenith   distance 
COS.  star  s  referred  zenith  distance  = 1-^ » 

COS.  star's  dist.  from  meridian 

and  add  to  the  referred  zenith  distance  the  distance  above  or  below  the  pole  (18)  if 
the  hour-angle  is  less  than  90°,  and  subtract  if  greater  than  90°.  Thus  the  co-latitude 
is  found. 

21.  Do  the  same  from  the  observation  with  the  instrument  in  the  opposite  position, 
using  exactly  the  same  approximate  zenith  point. 

22.  The  mean  of  the  two  is  a  good  co-latitude. 

(iv.)  To  determine  the  sidereal  time  in  apluee  whose  latihtde  is  knowrif  hy  observa- 
tion with  the  altitude  and  azimuth  instrument. 

1.  Select  a  Nautical  Almanac  star  which  at  the  time  is  nearly  east  or  west,  and  not 
very  low. 

2.  Observe  it  with  the  instrument  in  the  same  manner  as  for  latitude,  noting  the 
chronometer  time  of  observation,  position  of  face,  readings  of  microscopes,  and  read- 
ings  of  level. 

3.  Reverse  instrument  in  azimuth,  and  observe  in  like  manner,  noting  the  chrono- 
meter time.  Repeat  these  observations  if  you  think  fit.  Read  barometer  and 
thermometer. 

4.  Half  the  difference  of  the  readings  (fully  reduced  for  miscroscopes  and  equiva- 
lent for  levels)  may  be  taken  as  the  apparent  zenith  distance,  corresponding  to  the 
mean  of  the  times  of  observation. 

5.  Correct  this  apparent  zenith  distance  for  refraction,  and  you  hare  the  true  lenith 
distance. 
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6.  Tabs  the  itat'i  declinatioD  htrni  Ui«  Kaatical  Almuiae,  and  toUnct  from  SO', 
if  the  dediDBtioD  is  of  the  same  name  as  Ihe  latitude,  or  add  if  of  opporite  DUne, 
which  giTca  the  polar  diBtauee ;  in  like  maoner  find  co-]atilnde  from  latitude. 

7.  Add  together  trae  leoith  distaose,  atar't  polar  distance,  and  coUtitud^  and 
eoll  tlie  sum  S. 

Formula,  S  —  star's  N  F  D,  and  S  —  co-laUtDiIe. 

8.  Then  compnte  the  bour-angls  b;  the  fullowjng  formula  : 

2  log.  liD.  1-hour  angle  ^  log.  sin.  (S  — eUir'a  N  P  D) 
+  log.  Bin.  (S  —  co-latitude)  ■^  20  -  log,  sin.  slWs  N  P  D) 
^-  log.  sin.  co-latitude. 
ConTert  the  honr-angle  into  time. 

S.  If  the  atar  is  west  of  the  meridian,  add  this  hoor-angle  to  the  star's  B.  A. 
(taken  &om  the  Naaljoal  Almanac),  and  f  ou  have  the  true  udereal  time.  If  the  st«r 
is  east,  enbtiact  the  hour-angle  from  the  star's  B.  A. 

10.  The  difference  of  the  mean  of  the  two  chronometer  times  from  this  sidereal 
time  i*  the  error  of  the  chronometer. 


(v.)  TadtUrminc  Iht  lailiudt  and  Ikt  lidereal  tint  in  a  place  »I(re  ntither  qftkem 
it  Jmovn,  by  oh$trraCii>Hi  with  At  aJtilude  and  aiimulk  intlrumtnl. 
1.  For  this  purpose  tno  Nautical  Almanac  stars  must  be  selected,  and  it  Is  inifu- 
petualtt  that  &o(A  he  not  east  oi  vest :  one  maj  be  nearlf  east  or  west ;  but  the  other 
oust  be  nearlj  north  or  sooth.     But  as  this  choice  might  lead  to  a  little  trouble  in 
the  following  computations,  i   recommend  that  in  al!  cases  two  Stan  in  poailions 
prettj  near  to  the  directions  interoiediate  to  the  cardinal  points  be  taken, — thos  : 
One  nearlj  K.E.,  and  the  other  uearlj  S.B.,  or 
„         S.E.,  „  S.W.,  or 

aw.,  „  N.W.,  or 

„         N.W.,  „  N.H. 
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suppose  latitude  45°  25'  made  the  error  by  A.  53"'4,  and  by  B.  87**4  (discordant  16> 
the  opposite  way) ;  then  10'  of  latitude  has  changed  the  discordance  20*,  and  there- 
fore 2'  of  latitude  will  remove  the  first  discordance  of  4%  and  the  latitude  is  45°  17' ; 
and  since  10'  altered  the  error  by  A.  7*-2,  and  by  B.  12«'8,  2'  will  alter  the  former  by 
1"'44,  and  the  latter  by  2* '56  ;  and  both  agree  in  giving  the  error  47* '6i, 

(yi.)  Observations  of  equal  altitude  not  recommended  for  use. 

1.  If  the  object  of  these  observations  is  simply  to  obtain  the  correction  of  the 
chronometer,  the  observations  should  be  taken  as  near  as  possible  to  the  prime 
vertical,  east  or  west. 

2.  For  a  star,  the  instrument,  whatever  it  is,  should  be  set  to  a  known  reading, 
and  the  time  should  be  noted  when  the  star  reaches  that  reading  in  the  east ;  again 
the  star  should  be  noted  when  it  reaches  the  same  reading  in  the  west.  The  mean  of 
these  two  times  is  the  same  when  the  star  passes  the  meridian. 

8.  It  will  be  best  not  to  keep  the  instrument  fixed,  but  to  set  it  successively  to  a 
number  of  different  readings  ou  the  east  side,  and  to  set  it  again  to  the  same  readings 
in  the  opposite  direction.  Thus  a  number  of  different  results  will  be  obtained,  and 
the  risk  of  loss  will  be  diminished. 

4.  For  the  sun,  the  same  limb  (upper  or  lower)  should  be  observed  ;  but  there  is 
an  additional  correction  necessary  for  the  change  of  the  sun*8  declination,  or  N.  P.  D. 
If  the  N.  P.  D.  is  increasing^  the  sun  reaches  the  same  Z.  D.  on  the  west  side  too 
soon,  and  therefore  the  time  for  the  west  side  must  be  increased.  The  calculations 
will  be  thus  :  the  increase  of  the  sun^s  N.  P.  D.  will  be  calculated  (the  interval  of 
time  being  nearly  known)  from  the  Nautical  Almanac  :  the  latitude  of  the  station  is 
supposed  to  be  nearly  known,  and  the  approximate  hour  angle  at  either  observation 
(half  the  interval  of  time  converted  into  arc)  is  nearly  known.  Then  the  correction 
to  western  time  in  seconds  of  time  is — 

tan.  latitude  tan.  declinn. 

i~^ — '- — il T  X  increase  N  P  D  —  nv   .  ^  i:~v>  ^  increase  N  P  D  : 

15  .  sm.  hour-angle  16  .  tan.  hour  <  * 

the  increase  of  N.  P.  D.  being  taken  as  seconds  of  arc. 
Then  the  means  are  to  be  taken  as  for  a  star. 

5.  If  the  object  is  to  obtain  latitude  as  well  as  chronometer  correction,  the  two  sets 
of  observations  should  be  made  when  the  star  or  sun  is  nearly  S.  E.  or  S.  W.  The 
method  of  making  the  observations,  and  applying  corrections  to  the  time^  and  thence 
deducing  the  time  of  transit,  is  the  same  as  before. 

6.  Then  the  accurate  hour-angle  for  the  first  observation  (the  difference  between 
the  time  of  observation  and  the  time  of  transit)  being  found,  and  the  absolute  zenith 
distance  being  taken  and  corrected  for  refiraction,  and  in  the  instance  of  the  sun  for 
parallax  and  semi-diameter,  and  the  star*s  or  sun^s  N.  P.  D.  being  taken  accurately 
from  the  Nautical  Almanac,  the  latitude  will  be  found  by  the  following  process  : 

Tan.  starts  referred  \ 

dist.    from    pole  /  =  *^-  N  ^  ^  ^  ^-  hour-angle. 

Sin.  starts  azimuth    .=  8in^lio"r  <    x  sin.  Nj;  D 

sin.  zenith  distance 

Tan.  star's  referred  1 
dist.  from  zenith  J  =  **°-  ^"^^  *^*«*^-  ""  ^'  azimuth. 

Co-lat.  =  starts  referred  distance  from  pole  —  star's  referred  distance  from  zenith. 

« 
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(Tn.)  Om*ral  Ttmarii  an  tht  ritt  of  lie  im%  vutead  of  a  ifw,  m  angafAt 
prteeding  oiMnufisM. 

1.  Tfa«  son  DU7  b«  tobstitnted  for  *  Bter  in  on;  of  tlie  raiioiu  cImmh  of  obtcrn- 
tions  slnady  mentioned.  But  its  uae  is  always  moie  troalilawiDe,  And  it  oome^  for 
maoj  of  them,  but  once  a  6t,j ;  and  for  some  it  is  useless,  if  it  can  bo  caught  bnt 
once  b  a  Lastj  ^ght.  It  is  recommended,  therefore,  that  the  piiacipal,  if  not  the 
only,  reliance  be  placed  on  obsarrations  of  stui. 

2.  In  using  the  ana,  the  Ume  by  aoaannt  moat  always  be  rednoed  bi  Qteenwiidi 
mean  time,  and  with  this  the  son's  place  innsC  be  computed  rrom  the  Hantigal 
Almanac.  Thns,  in  loagitnde  6;*  fiO'  vest  (by  ooooiintl,  sappoM  tfaat  the  nn  wu 
obserred  on  Uay  (he  2<th,  abont  three  in  the  aftemoou  (by  the  lepnted  time  at  tha 
pUce) )  then  as  the  sna  passes  Greenvicb  before  hs  paawa  (his  veilem  place^  (b 
time  wilt  be  later  at  Greenwich  by  the  time  coirespanding  (a  67°  SO'  of  are,  or  4  h. 
31  m.  20  s.  :  tiierefore  the  time  at  Greenwich  will  be.  Hay  24th,  7  h.  31  m.  nearly, 
and  with  this  time  the  sun's  R.  A.  and  S.  P.  D.  mut  be  compaled,  by  interpolation, 
among  the  plaoes  ^ren  in  the  Nantical  Alaumao  for  Qreenwioh  mean  noon. 

S.  The  change  of  the  sun's  N.  P.  D.  must,  is  many  instanoes,  be  taken  into  aoooont 
Thnt,  if  the  son  wers  observed  as  in  No.  ii.,  the  chsAge  of  K.  P.  D.  between  the  fin( 
obseiratioa  and  the  second  must  be  compnted,  and  it  muat  be  oonsidered  Oai  if  the 
N.  P.  D.  is  increasing,  the  aeoond  oheerration  oecnn  too  late,  and  must  be  wtncted 
by  the  qnantities 

1 

X  ehaoga  of  N  P  D ; 

IG.  sin.  KFD  x  cos.NFD.  tan.  honr-angle 

the  change  of  N.  P.  D.  being  eiprened  in  seconds  of  ai^  and  the  comctdon  to  time 
being  expressed  iu  seconds  of  time.  Then,  in  further  operations,  the  K.  F.  D.  for  the 
first  obserTatiou  most  be  used. 

A  BimlJsr  result  of  change  of  N,  P.  D.  is  given  in  Ho.  Ti. 

4.  In  all  cases  where  the  sun's  altitude  or  zenith  distance  la  meaiured,  r^raJlar 
innst  be  applied  snbtrBCttTeiy  from  observed  lenith  distances. 

Its  formula  is  3'  '7  ■  sin.  zenith  distance.    It  is  to  be  used  in  Ros.  lit.  ir.  t. 
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pioketa,  ke.    On  the  Ordnance  Sorrey  of  Great  Britain,  fbar  kinds  or  clasaes  are  lued 
for  the  various  sized  theodolites  which  are  employed  on  the  triangnlation. 
et  VIII.  and       ^S*  ^^  ^  ^^  ^or  the  largest  class  of  theodolite  need,  viz.  the  three  feet.     Its  form 
is  hexagonal,  and  it  consists  of  the  following  pieces  : 

1.  Six  panels  of  wood,  each  5  feet  6  inches  long  by  4  feet  6  inches  high,  framed  of 
1-inch  deal  with  ^-inch  boarding.     (See  fig.  4.) 

The  top  style  carries  two  pieces  of  flat  iron,  with  eyes  to  reoeive  comer  iron  bars  : 
one  of  the  under  cross-bars  also  carries  two  eyes,  to  reoeiTe  the  lower  angle-bars. 

2.  Six  comer-posts  of  deal  (fig.  5),  to  support  the  roof,  each  4  feet  6  inches  high, 
3  inches  in  diameter. 

The  top  has  a  hole  sunk  in  it,  8  inobes  in  depth,  to  receive  the  upright  angle-bar, 
and  is  bound  round  with  iron  plate  tu  strengthen  it  at  this  part 

3.  Six  iron  comer  bars  (fig.  6),  made  double  in  the  centre,  with  an  opening  3 
inches  wide.  The  lower  end  goes  into  the  top  of  the  comer  post ;  the  upper  end 
receives  the  wall-plates,  rafter,  and  rose  for  guy-rope :  they  are  made  of  rod  iron, 
1  inch  in  diameter.  They  revolve,  and  admit  of  objects  being  observed  through 
them. 

^  Ij^^  4.  Six  wall-plates  of  deal,  5  feet  6  inches  long,  2  inches  wide  by  2  inches  deep. 

(Fig.  3.)    These  are  notched,  and  bound  with  sheet  iron  at  the  ends,  and  have  a 
hole  bored  through,  to  fit  upon  the  iron  angle -bars. 

5.  Six  rafters,  7  feet  long,  24  inches  wide  by  two  inches  deep :  the  lower  end 
bevelled,  and  shod  with  sheet  iron,  and  bored,  to  go  upon  the  angle-bar.  These  are 
all  fastened  with  butt-hinges  to  one  central  piece  of  wood  of  1  foot  in  diameter  by 
two  inches  thick  :  when  taken  down,  the  rafters  close  together,  and  are  carried  in  a 
long  canvas  bag. 

6.  One  iron  bolt  (fig.  8),  12  inches  long,  1\  inch  diameter,  passes  through  this 
central  block  ;  it  has  a  screw  and  nut  on  the  under  side,  and  a  shoulder  on  the  out- 
side :  it  is  to  receive  the  large  rose  which  carries  the  long  guy-ropes. 

;  VIII.  ^'  ^^^  ^^^^  ^^^^  (^S-  1)»  ^  ^^^^  long,  1  inch  diameter,  and  six  of  8  feet  long,  1  inch 

diameter,  to  bind  the  panels  together  at  the  angles.     The  upright  posts  are  secured 
in  iheir  places  and  to  the  panels  by  twelve  iron  angle-pieces  and  twelve  iron  shacklee 
IX.  (^^^-  ^  '^^  ^)*     ^^®  former  are  of  g-inch  flat  iron,  bent  to  an  angle  of  120'',  with 

projecting  pieces  passing  through  the  panels,  having  holes  to  receive  the  ends  of  the 
shackles. 

The  roof  is  covered  with  a  very  strong  description  of  sail  canvas,  of  double  thick* 
ness  :  the  seams  are  strengthened  with  girth  webbing.  It  is  made  in  one  piece,  and 
is  put  on  from  the  outside,  sliding  down  over  the  rafters,  and  has  eyelet-holes,  to 
receive  the  projecting  ends  of  the  iron  angle-bars. 

Attached  to  this  roof  are  curtains  made  of  the  same  canvas  (but  only  once  thick), 
of  two  feet  in  depth,  which  cover  the  openings  between  the  top  of  the  panels  and  the 
wall-plates.  The  lower  ends  button  over  iron  staples  provided  in  the  panels,  and  are 
secured  by  cords  passing  through  them. 

The  curtains  are  rolled  up  when  required,  and  tied  to  the  wall-plates.  Each  panel 
has  a  piece  of  painted  canvas,  fixed  at  one  nde,  of  about  7  or  8  inches  wide,  which 
buttons  over  the  angle  upon  a  row  of  iron  staples  in  the  next  panel. 

Two  panels,  each  provided  with  a  small  door,  1  ft.  8  in.  wide  by  2  ft.  8  in.  deep, 
are  usually  placed  north  and  south. 

For  the  purpose  of  observing  the  Pole  star,  by  which  the  direction  of  the  meridian 

is  obtained,  a  piece  is  cut  out  of  the  canvas  roo^  on  the  north  side,  leaving  an  opening 

!  VIII.  of  3  feet  long  by  1  foot  wide  (fig.  2).    To  cover  this,  when  not  required  for  observing, 

this  side  has  ah  extra  thickness  or  flap  of  canvas,  which  is  sewn  at  one  side,  and 

ii2 
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bnHoni  oter  a  raw  of  iron  it&plcfl,  rMteoed  to  tlw  outu  of  (be  oppodle  u^a^  and 
««c>u«d  bj  *  bit  of  Goid  run  tiirough  tfaem. 

A  Urge  vooden  row  fits  upon  tbe  irao  bn  projecting  thnugh  tbe  roof  at  top,  and 
■ii  long  gar-ropes,  of  aboaC  IDO  feoteuh  ia  length,  arc  attuhad  to  it,  tob«KCiu«d  to 
pieketii  in  the  gronnd.  A  imaller  race  flta  upoD  eaah  projecting  end  of  the  angle- 
ban,  and  liea  a  Bmall  gaj-rape  attacbed  to  it, 

Por  use,  tbe  obeervatoij  inaida  ii  genenllj  floored  with  joiste  and  bcoidt,  leaving 
In  tbe  oentre  a  wall  for  tha  pedeetal  or  fiame-vork  lupportiiig  the  inatnunent,  can 
being  taken  tbat  Iba  latter  i(  perfectly  iuauUted,  ao  aa  tn  be  free  from  ihake  or  jar, 
from  penoDS  walking  on  the  floor. 

This  kind  of  obaerratorj  ia  need  npon  tha  highcit  moantaioa  and  in  the  most 
exposed  places.  It  ia  generally  the  practice,  boweTer,  to  build  round  it  on  tbe  ooteidc^ 
and  jnit  toncbing  it,  a  vail  of  tooee  atone*,  about  half-np  the  panela.  With 
thia  preeantioD,  it  woa  never  knoim  (for  yean)  to  yield  or  give  way  in  the  least, 
altbongb,  at  times,  eTcrything  elae  in  the  camp  would  be  blown  over  and  lerelled 
with  tbe  gronnd. 
II IX.  >§■■  *■  ^"^  ^- — ^'*  ''^"^  "^  obeerralory  is  used  for  the  aecood  claia  of  theodolitea, 
>i<>.  7,s.  snob  ai  the  IS-inch.  It  i*  preciiely  similar  in  ita  constraotion  to  llie  fonnar,  but 
is  a  aiis  amaller,  each  panel  being  made  about  i  feet  0  inebee  in  length  by  4  foM 
in  height.  The  dunensions  of  the  otber  parte  ate  leasened  to  coneapond  vitb  the 
panels.     This  obserratoiy  Is  also  reiy  strong,  and  may  be  used  in  the  moat  expoaed 


No.  3.~Ttii8  is  used  in  the  DiArict  Sorreya  far  tha  12-inch  or  10-Incb  Iheodolitee  : 
The  shape,  like  the  former  ones,  ia  hexagonal.  It  eonaiita  of  a  eanvas  ioo(  with  aid« 
eortains,  also  of  canvas,  reaching  to  tbe  groond,  supported  upon  a  aketeton  frame- 
work, onneistingof 

Six  upright  poles,  6  feet  9  inches  long,  SJ  inches  diameter,  with  prqjeeting  inn 
pins,  8  inches  long,  at  the  upper  end,  to  receive  (he  wall-platea  and  raflen ;  tbe  lopa 
are  bound  with  a  piece  of  ihtct  iron. 

Six  vall-platea,  each  i  feet  long,  I  j  inch  by  1]  inch,  with  bolea  at  th«  ends^  to 
paaa  over  tbe  pina  upon  the  top  of  the  upright  polei. 

Six  raften,  B  feet  3  inchea  long,  2  incbea  by  1}  inch,  all  pennanently  faatened  by 
balt'Ungea  to  a  central  pieoe  of  wood,  B  incbv  in  diameter  and  2  inchei  thick. 
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upright  poles  have  an  iron  pin  at  the  foot,  3  inches  long,  and  at  the  top  there  is  an 
iron  prong,  or  fork  of  flat  iron,  by  which  they  are  seonred  to  the  top  pieces  by  nuts 
and  screws. 

The  Portable  Observatory  for  the  zenith  sector,  shown  in  Plates  XII.  and  XIII.,  is 
a  wooden  building  formed  of  jMuiels  and  nprigbts,  which  can  be  strongly  boond 
together  :  the  side  jianels  are  fitted  into  rabbets  cut  in  the  frame^  and  secured  on  the 
inside  with  bent  iron  plates  and  screws.  It  is  10  feet  square  in  plan  at  the  bottom, 
and  8  feet  10  inches  square  at  the  top  ;  ten  feet  in  height  to  spring  of  roof ;  rise  of 
roof,  2  feet. 

The  four  comer  posts  are  of  5'*  x  5"  scantling, — the  four  bottom  plates  are  of 
6"  X  5"  ditto, — bolted  and  nutted  to  the  oomer  post  as  in  a  bedstead  ; — ^the  four  top 
plates  are  of  5"  x  5'  scantling,  notched  and  pinned  to  the  comer  posts. 

The  frame  is  strengthened  mid-way  by  four  additional  horizontal  pieces. 

Each  side  has  three  upright  pieces,  3"  +  3'\  mortised  and  tenoned  into  the  plates. 

There  are  eight  panels  to  each  side,  of  i-inch  boarding. 

On  the  north  and  south  sides  one  of  the  panels  is  hung  as  a  door,  and  contains  a 
small  glass  window. 

The  roof  has  an  opening  in  the  centre  of  5  feet  4  inches  long,  by  1  foot  4  inches 
wide,  fitted  with  two  small  trap*doors,  which  are  opened  or  shut  from  the  inmde  by 
means  of  a  cord  passing  through  a  fixed  pulley  at  the  end  of  an  iron  rod,  as  shown  in 
the  section,  and  carried  through  another  fixed  pulley  in  one  of  the  side  poets. 

The  roof  is  formed  of  six  panels  which  slide  in  grooves  in  the  sides  of  the  hip  and 
central  rafters. 

The  corner  posts  and  wall-plates  have  iron  staples  driven  into  them. 

The  whole  building  is  covered  with  duck  canvas,  which  buttons  over  these  staples 
and  cords  run  through  them  keep  all  secure. 

The  floor  is  formed  of  joists  and  boards,  leaving  room  for  the  pedestal  or  frame- 
work support  for  the  instrument  in  the  centre. 

This  observatory  may  be  used  in  the  most  exposed  situations. 

Plate  XIV.  shows  a  Portable  Observatory  which  was  made  for  a  Transit  instrument, 
and  used  at  Valentia,  in  Ireland.  It  is  a  wooden  building,  strongly  framed  together. 
The  sides  and  ends  are  formed  of  panek  fitted  into  rabbets  cut  in  the  scantling  of  the 
frame-work,  and  secui^  to  them  on  the  inside  with  bent  iron  plates  and  screws. 

In  plan,  the  buildiiig  is  10  feet  9  inches  by  8  feet  5  inches ;  the  height  is  7  feet 
10  inches  to  spring  of  roof ;  rise  of  the  latter,  4  feet. 

There  are  two  tie-beams,  king-posts,  and  rafters  in  the  centre,  leaving  between 
them  an  opening  of  1  foot  1  inch  in  the  clear  on  the  sides  of  the  roof.  This  opening 
is  continued  to  the  ground-plate  on  each  side. 

Doors  are  fitted  to  these  openings,  which  can  be  raised  or  shut  at  pleasure  from 
the  inside.  The  door  in  the  roof  is  raised  by  means  of  a  cord  attached  to  one  end  of 
a  small  iron  lever,  turning  on  a  pivot,  secured  to  one  of  the  rafters,  and  having  a 
small  roller  wheel  at  the  other  end. 

The  roof  is  formed  of  eight  angular  panels,  which  slide  in  grooves  cut  in  the  sides 
of  the  rafters. 

Iron  staples  are  fixed  in  the  comer  posts  and  wall-plates,  over  which  a  covering  of 
canvas  duck  is  buttoned  and  secured  by  cords  passing  through  them. 

Stars  near  the  zenith  are  observed  by  turning  the  double  iron  bar  which  forms  the 
ridge  of  the  roof  between  the  two  king-posts. 

A  similar  bar  is  provided  in  the  top  wall-plates,  which  might  otherwise  interfisre 
with  the  observations. 
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Tbs  Offieen  emplojed  on  tbg  BonndarT  Samj  in  NorUi  America)  undar  tlia  Trcfttf 
«f  WaihiDgtoD,  Hied  tents  for  obaemtoriea,  m&de  of  dotik  casTU  oal?,  aupportad 
upon  k  ridge -poU  10  feet  long,  vitb  two  nprigbt  poles  of  10  feet  ettoh. 

In  plan,  the  tent  eaoloBed  b  ipue  of  10  feet  Bqauv. 

The  north  uid  lontli  (idea  had  canvu  wtila,  S  feet  high. 

In  the  ilope  of  the  loof,  oo  each  ude,  a  portion  of  the  ouina  wu  made  to  tarn 
haek,  leanng  en  opening,  when   reqniied  for  obeerring,   of  tbont  1  fool  4  inohei 

Wben  the  ridge-pole  interfered  vith  a  itar  fAsung  near  the  leaitb,  it  mi  loirared 
ft  little  by  ilaekening  tfae  gnj-ropei. 

Theae  mre  for  the  protection  of  the  Iruuit  inetnunenta.  The  altitude  and  admath 
inttmmante  veie  Died  alwap  in  the  open  air,  vithontinj  obaerntoi?.  W.  E. 


PAKT   IT. — DESCRIPTION    OF   THE    PRINCIPAL    ABTBONOUICAL 

INSTRUMENTS,* 

].  Hadlej'i Sextant;  2.  Tronghton'BBefleoting Circle;  S.  The Tiuuit Instnunoit ; 

i.  Altitude  and  Aiimnth  Inetnuneots ;  with  brief  reioarki  npeu  other  in«tnimenta 

gaed  for  aatnniomical  porpoaea. 
Sadley't  Sexiata. — ThJa  inatrameDt  diffen  from  the  pocket  sextant  in  ila  appear- 

anes,  &om  the  abwnce  of  the  box  in  irhich  the  pocket  leituit  is  fixed,  and  in  ita 

nm,  varjing  QBoallf  from  i  uidm  to  6  inchee  lading  and  in  ite  itqniring  and 

admittiBg  of  more  perfect  and  minute  adjustment. 
L  L  ii  the  graduated  limb  of  the  instrument,  gradnated  from  0°  lo  liO'  at  erecj 

10'  or  20',  aeeoiding  to  its  aiie,  and  nbdiTided  b]r  the  Temler  T,  to  ID'  or  20^,  tbtu 
enabling  na  to  read  off  ai^lea  bj 
eelimation,  to  A".  The  limb  is 
alio  gr^nnttd  through  a  smalt 
epaoe,  colled  the  .ire  <'f  eKera,  on 
the  other  eide  of  the  lero  point. 
T  IB  the  taogeat  Ktew,  for  giving 
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one  or  more  of  wMch  can  be  tTirned  down  between  the  index  glass  and  horiion 
glass  to  moderate  the  intensity  of  the  light  from  any  very  bright  object  yiewed  by 
reflection  ;  and  at  Gare  three  dark  glasses,  any  one  or  more  of  which  can  be  tnmed  ap 
to  moderate  the  intensity  of  the  light  irom  any  bright  object  yiewed  directly  through 
the  transparent  part  of  the  horixon  glass.  D  is  a  ring  for  carrying  the  telescope, 
attached  to  a  stem  S,  called  the  up-and-down  piece,  which  can  be  raised  or  lowered 
by  means  of  a  milled-headed  screw.  The  use  of  this  ap-and-down  piece  is  to  raise  or 
lower  the  telescope,  till  the  objects  seen  directly  and  by  reflection  appear  of  the 
same  brightness.     K  is  the  handle  by  which  the  instmment  is  held. 

In  selecting  an  instmment,  care  must  be  taken  that  all  the  joints  of  the  frame  are 
close,  without  the  least  opening  or  looseness,  and  that  all  the  screws  act  well,  and 
remain  steady,  while  the  instrument  is  shaken  by  being  carried  from  place  to  place. 
All  the  diyisions  on  the  limb  and  vernier,  when  viewed  through  the  microscope,  must 
appear  exceedingly  fine  and  distinct,  and  the  inlaid  plates,  upon  which  the  divisions 
are  marked,  must  be  perfectly  level  with  the  surface  of  the  instrument.  The  index, 
or  zero,  of  the  vernier,  should  also  be  brought  into  exact  coincidence  successively  with 
each  division  of  the  limb,  till  the  last  division  upon  the  vernier  reaches  the  last 
division  upon  the  limb  ;  and  if  the  last  division  of  the  vernier  do  not  in  each  case 
also  exactly  coinciA  with  a  division  upon  the  limb,  the  instrument  is  badly  graduated, 
and  must  be  rejected.  All  the  glass  used  in  the  instrument  should  be  of  the  best 
quality,  and  the  glasses  of  the  reflectors  should  each  have  their  faces  ground  and 
polished  perfectly  parallel  to  each  other,  to  avoid  refraction.  Look,  therefore,  into 
each  reflector,  separately,  in  a  very  oblique  direction,  and  observe  the  image  of  some 
distant  object ;  and  if  the  image  appears  clear  and  distinct  in  every  part  of  the 
reflector,  the  glass  is  of  good  quality  ;  but  if  the  image  appears  notched,  or  drawn 
with  small  lines,  the  glass  is  veiny,  and  must  be  rejected.  Again,  if  the  image  appears 
singly,  and  well  defined  about  the  edges,  the  two  surfaces  of  the  glass  are  truly 
parallel ;  but  if  the  edge  of  the  image  appears  misty,  or  separated  like  two  images,  the 
two  surfaces  are  inclined  to  one  another.  The  examination  will  be  more  perfect  if  the 
image  be  examined  with  a  small  telescope. 

A  plain  tube  and  two  telescopes,  one  showing  objects  inverted,  and  the  other  erects 
are  usually  supplied  with  the  sextaitt.  A  dark  glass  is  also  supplied  to  fit  on  to  the 
eye-end  of  the  telescope,  and  a  key  for  tumiDg  the  adjusting  screws. 

To  examine  the  error  arising  from  the  imperfection  of  the  dark  glaues. — Fit  the 
dark  glass  to  the  eye-end  of  the  telescope,  and,  all  the  shades  being  removed,  bring 
the  reflected  image  of  the  sun  into  contact  with  his  image  seen  directly  through  the 
unsilvered  part  of  the  horizon  glass.  Then  remove  the  dark  glass  from  the  eye-end  of 
the  telescope,  and,  setting  up  first  each  shade  separately,  and  then  their  various  com- 
binations, if  the  two  images  do  not  in  any  case  remain  in  contact,  the  angle  through 
which  the  index  must  be  moved  to  restore  the  contact  is  the  error  of  the  dark  glass, 
or  combination  of  dark  glasses,  used  in  the  observation,  and  which  error  should  be 
recorded  for  each  glass,  and  each  combination  of  the  glasses. 

The  adjustments  of  the  instmment  consost  in  setting  the  horizon  glass  perpendicular 
to  the  plane  of  the  instrument,  and  in  setting  the  line  of  collimation  of  the  telescope 
parallel  to  the  plane  of  the  instrument. 

To  adjust  the  horizon  glass. — While  looking  steadily  at  any  convenient  object^  sweep 
the  index  slowly  along  the  limb,  and  if  the  reflected  image  do  not  i)ass  exactly  over 
the  direct  image,  but  one  projects  laterally  beyond  the  other,  then  the  reflectors  are 
not  both  perpendicular  to  the  face  of  the  limb.  Now  the  index  glass  is  fixed  in  its 
place  by  the  maker,  and  generally  remains  perpendicular  to  the  plane  of  the  instm- 
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mcnt,  Hid  if  it  be  eorrectlj  bo,  the  hotuoik  glui  U  idjorted  b;  tnrniiig  k  mftll  acnw 
at  the  tuttom  of  tlie  frame  in  -which  it  U  Mt,  tiU  the  refiecied.  imigs  pusei  ezMtly 
orer  ths  direet  image. 

To  txamine  if  tht  index  glait  bt  perpendimiar  to  Ike  flame  of  the  inMrumtnt. — 
Bring  the  Temier  to  indieate  aboDt  1S°,  and  look  obliqael;  into  this  mirror,  aa  M  to 
Tier  (he  eharp  ed^  of  the  limb  of  the  iuitnimeiit  by  direct  tiudd  to  the  right  bmnd, 
and  bj  ni6ec(ian  to  the  left.  If,  thea,  the  edge  and  its  image  appear  is  one  eontiiraed 
are  of  a  drole,  the  index  glaaa  ia  ooTTectly  perpendicnlar  to  the  plane  of  the  inatrti- 
ment ;  but  if  the  arc  appear*  broken,  the  iulmment  most  be  nnt  to  the  maker  to 
have  tte  index  glaaa  adjusted. 

To  adjuit  tht  line  of  eoVimatiim. — 1.  Fix  tiie  leleaoope  in  ita  place  and  ton  the 
e;e-tube  ronnd,  that  the  wires  in  the  focne  of  ths  eTe-glaas  maj  be  parallel  to  the 
plane  of  the  inntnunent,  S.  More  the  index  till  two  objecta,  bh  the  inn  and  moon, 
or  the  moon  and  a  star,  more  than  S0°  distant  from  each  other,  are  brought  into  coo- 
(act  at  the  wire  of  (be  diaphragm  wbicb  ii  neareet  the  plane  of  the  iortnipient. 
3.  Now  fix  the  index,  and  altering  alightl;  the  poiiUoa  of  the  initrnment,  bring  tlie 
objeots  t«  appear  on  tbe  other  wire  ;  and  if  the  contact  still  remajn  perfect,  (he  line 
of  eollimation  ia  in  correct  adjustment.  If,  haweTer,  the  two  objecta  appear  to 
separate  at  the  wire  that  ia  farther  from  the  plane  of  the  inatroment,  the  objeet-end 
of  the  telescope  inclines  towards  the  plane  of  the  instntment ;  bnt,  if  they  orerlap, 
then  the  object-end  of  the  teleacope  declinea  from  the  plane  of  the  instrument.  In 
either  eaae  the  correct  adjnstment  ia  to  be  obtained  b;  meana  of  the  two  MTews  which 
&aten  to  the  up-and-down  piece  the  collar  holding  the  telescope,  tightening  one  screw 
and  taming  back  the  other,  till,  after  a  few  trials,  the  contact  remains  perfect  at 
both  wites. 

The  inatnunent  harmg  been  fcood  hj  tlie  preceding  methods  to  be  in  perfect 
ndjoatment,  set  the  index  to  leio,  and  if  the  direct  and  reflected  images  of  any  object 
do  not  perfectly  ocinoide,  the  arc,  throngh  which  the  index  has  to  be  moTod  to  bring 
tbem  into  peiftct  coincidence,  conatitntea  what  ia  called  the  index  error,  which  must 
be  applied  to  all  cbeerred  angles  as  a  constant  correction. 

To  dtttrmint  tht  index  error, —The  most  approTed  method  Is  In  meaanre  the  nin'a 
dianie(er,  both  on  the  are  of  the  inatnunent,  properly  aa  called,  to  the  left  of  Ok 
lerc  of  the  limh,  and  on  the  are  of  eicen  to  the  right  of  the  sero  of  the  limb.     For 
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:■  IB  the  Are  of  Bxcci 


So  of  [uiUpgs  6;   13    S5  differeLce.  6^  193    35    Enm. 

2    iB  index  error.  32    158  nui'i  diuneUr. 


of  «i<»BB  being  lesa  than  tlioae  on  the  arc  of  the  inslrn- 
be  subtracted  from  all  the  readingi  of  the  ioatni- 


ment,  the  iodex  error,  2'  i9", 

Note. — la  taltiog  off  the  readings  an  (he  arc  of  exceas,  the  Temier  must  b«  read 
bsckwarda  ;  th&t  ia,  the  diTigion  read  off  an  the  limh,  being  the  diTieion  next  to  the 
left  af  the  lero  of  the  Temier,  the  diiiaione  of  the  teraier  to  be  added  mnrt  be 
reckoned  from  the  other  end  of  the  remier  to  the  diTisJon  eoineidtng  with  a  diiiuon 
npon  the  limh ;  or  the  reading  of  the  vernier  furvards,  according  to  tho  nsnal  method, 
maf  be  aabtracted  from  10',  the  limb  being  diiided  to  10',  and  the  remainder  added 
to  the  reading  of  the  division  npon  the  limb  next  to  the  left  of  the  lero  of  Qie 
vernier,  aa  before. 

TToaijhton't  S^tcting  CircU. — In  IhiH  inatrnment,  which  Ja  the  aame  in  principle 
as  the  sextant,  the  limb  ia  a  complete  circle,  LLL.     It  baa  three  Temiers,  TTT, 

furaiabed  with  the 
clamp  and  tangent 
screw,  S  8,  for  re- 
golating  the  con- 
tacts; andthever- 

a  magnifier,  M,  \ 
which  may  be  ap- 
plied Buccesuvelj 
to  all  the  vemiera. 
In  the  middle  of 
the  frame,  and  at- 
tached to  it  by  a 
broad  base  or 
flanch,  is  a  hollow 
centre,  Upwards  of 
2  inches  long,  iu 
which  an  axia  re- 

volvea.  The  triple  vemlei  bar,  1 1 1,  ia  attached  at  one  end  of  the  axis,  and  the 
index  glaas  at  the  other,  so  that  both  turn  together,  bnt  on  opposite  udea  of  the  in- 
sbmment.  A  aecondarj  frame,  B  B,  carriea  the  t«leacope  T,  the  horiion  glao,  and 
the  dark  glasses,     fi  H  are  two  handlea,  one  of  tbem  bent,  and  paanng  ronnd  to  tli4 
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MOtre  of  the  inetnunsnt  on  the  other  nde ;  and  there  U  s  tliiid  htndle,  ^lich  can  be 
KMwed  OB  perpendicular  to  the  place  of  the  iiiBtnitnenI,  either  into  the  handle  at  C, 
or  apoD  the  other  side  of  the  itutmment,  at  ite  centra.  The  adjnitmeiiti  and  manner 
of  obaernng  with  the  initmnicnt  are  explained  by  the  inTeatoi,  Hr.  Tnnighton,  aa 

Dirictitmt  for  abitrring  mih  Troughtim'i  r^eeting  cirdt.  —  "Prepare  die  inatrn- 
iDent  for  ahaerraUoD  b;  screiviDg  the  telescope  into  ita  pUoe,  adjiutiog  tiie  dnirei  to 
fbcDB,  and  the  vires  parallel  to  the  plane,  eiactl;  as  joa  da  with  a  aeitant ;  alio  ut 
the  index  forwarda  to  the  roagh  distance  of  the  inn  and  moon,  or  moon  and  atar  ; 
and,  holding  tlie  circle  1^  the  short  handle,  direct  the  telescope  to  the  fainter  object, 
and  make  the  contact  in  the  usual  wilj.  How  read  olT  the  degree,  minnt^  and 
■econd,  bjr  that  branch  of  the  index  to  wbieh  the  tangent  screw  U  attached ;  alao, 
the  minote  and  second  shown  b}  the  other  two  branehei  :  these  give  the  dlitanee 
taken  on  three  different  sextants ;  but  as  jet,  it  is  onlj  to  be  considered  as  half  an 
abserration  :  what  lemains  to  be  done,  is  to  complete  the  whole  drcle,  bj  meainring 
that  angle  on  the  other  three  aextaota.  Therefore  set  the  index  backwards  nearif  to 
tlie  mne  distanoe,  and  rererse  the  plane  of  the  Instrument,  by  holding  it  bj  ths 
opposite  handle,  and  make  the  contact  as  aboTC,  and  read  oS  as  before  what  is  shown 
on  the  three  sereral  branches  of  the  index.  The  mean  of  all  six  is  tbe  tree  appannt 
distance,  comsponding  to  the  mean  of  the  two  Umes  at  which  the  obserrations  were 

"  When  the  objects  are  seen  Ter;  dUtinotlj,  so  that  no  donbt  whsterer  mnains 
abont  the  contact  in  both  sights  bdog  porfect,  the  abon  ma;  «if^;  be  relied  on  as  a 
complete  set ;  bnt  if,  from  the  Lailnsss  of  the  ur,  too  much  motion,  or  any  other 
eanses,  the  obaerrations  baie  been  rendered  donbtfot,  it  will  be  adriiable  to  make 
more :  and  if^  at  snch  times,  so  many  readings  shonld  be  deemed  tronbleaome,  aii 
obsemtJoiu,  and  sii  readings,  may  be  condneled  in  tie  manner  following :— Take 
three  snceesmTe  rights  forwards,  exactly  as  is  done  with  a  sextant ;  only  take  can  to 
read  them  off  on  different  branches  of  the  lodei.  Also  make  three  obaerrabana  back- 
wards, osing  the  tame  cantion  :  a  mean  of  these  will  be  the  distance  nqoired.  When 
the  number  of  sights  taken  forwards  and  backwards  are  uneqnal,  a  mean  between  the 
means  of  those  taken  backwards  and  those  taken  forwards  will  be  the  true  angle. 

"It  need  hardly  be  mentioned,  that  the  shades,  or  dark  glasses,  apply  like  then  of 
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iheir  errors  magnified  by  the  power  of  the  teleeeope,  will,  in  proportbn  to  this  power, 
and  those  errors,  be  less  distinet  than  the  latter. 

"In  taking  distances,  when  the  position  does  not  vary  from  the  Tertical  above 
thirty  or  forty  degrees,  the  handles  which  are  attached  to  the  circle  are  generally  most 
conToniently  used ;  but  in  those  which  incline  more  to  the  horizontal,  that  handle 
which  screws  into  a  cock  on  one  side,  and  into  the  erooked  handle  on  the  other,  will 
be  found  more  applicable. 

"  When  the  crooked  handle  happens  to  be  in  the  way  of  reading  one  of  the  branches 
of  the  index,  it  must  be  removed,  for  the  time,  by  taking  out  the  finger  screw  which 
fastens  it  to  the  body  of  the  circle. 

.  "  If  it  should  happen  that  two  of  the  readings  agree  with  eaoh  other  very  well,  and 
the  third  differs  from  them,  the  discordant  one  must  not  on  any  acoount  be  omitted, 
but  a  £ur  mean  must  always  be  taken. 

''It  should  be  stated,  that  when  the  angle  is  about  thirty  degrees^  neither  the 
distance  of  the  sun  and  moon,  nor  an  altitude  of  the  sun,  with  the  sea  horison,  can 
be  taken  backwards ;  because  the  dark  glasses  at  that  angle  prevent  the  reflected  rays 
of  light  from  falling  on  the  index  glass  :  whence  it  becomes  necessary,  when  the  angle 
to  be  taken  is  quite  unknown,  to  observe  forwards  first,  where  the  whole  range  is 
without  interruption  ;  whereas  in  that  backwards  you  will  lose  sight  of  the  reflected 
image  about  that  angle.  But  in  such  distances,  where  the  sun  is  out  of  the  question, 
and  when  his  altitude  is  taken  with  an  artificial  horison,  (the  shade  being  applied  to 
the  end  of  the  telescope,)  that  angle  may  be  measured  nearly  as  well  as  any  other  ; 
for  the  rays  incident  on  the  index  glass  will  pass  through  the  transparent  half  of 
the  horizon  glass  without  much  diminution  of  their  brightness. 

''The  advantages  of  this  instrument,  when  compared  with  the  sextant,  are  chiefly 
these  :  the  observations  for  finding  the  index  error  are  rendered  useless,  all  know- 
ledge of  that  being  put  out  of  the  question  by  observing  both  forwards  and  back- 
wards. By  the  same  means  the  errors  of  the  dark  glasses  are  also  corrected ;  for  if 
they  increase  the  angle  one  way,  they  must  diminish  it  the  other  way  by  the  same 
quantity.  This  also  perfectly  corrects  the  errors  of  the  horizon  glass,  and  those  of 
the  index  glass  very  nearly.  But  what  is  of  still  more  consequence,  the  error  of  the 
centre  is  perfectly  corrected  by  reading  the  three  branches  of  the  index  ;  while  this 
property,  combined  with  that  of  observing  both  ways,  probably  reduces  the  errors  of 
dividing  the  one-sixth  part  of  their  simple  value.  Moreover,  angles  may  be  measured 
as  far  as  one  hundred  and  fifty  degrees,  consequently  the  sun*B  double  altitude  may  be 
observed  when  his  distance  from  the  zenith  is  not  less  than  ^fteen  degrees,  at  which 
altitude  the  head  of  the  observer  begins  to  intercept  the  rays  of  light  incident  on  the 
artificial  horizon  ;  and,  of  course,  if  a  greater  angle  could  be  measured,  it  would  be 
of  no  use  in  this  respect. 

**  This  instrument,  in  common  with  the  sextant,  requires  three  adjustments  :  first, 
the  index  glass  perpendicular  to  the  plane  of  the  circle.  This  being  done  by  the 
maker,  and  not  liable  to  alter,  has  no  direct  means  applied  to  the  purpose  :  it  is 
known  to  be  right  when,  by  looking  into  the  index  glass,  you  see  that  part  of  the 
limb  which  is  next  you,  reflected  in  contact  with  the  opposite  side  of  the  limb  as  one 
continued  arc  of  a  circle  :  on  the  contrary,  when  the  arc  appears  broken  where  the 
reflected  and  direct  parts  of  the  limb  meet,  it  is  a  proof  that  it  wants  to  be  rectified. 
The  second  is,  to  make  the  horizontal  glass  perpendicular.  This  is  performed  by  a 
capstan  screw,  at  the  lower  end  of  the  frame  of  that  glass ;  and  is  known  to  be  right 
when  by  a  sweep  of  the  index  the  reflected  image  of  any  object  will  pass  exactly  over, 
or  cover  the  image  of  that  object  seen  directly.  The  third  aciljustment  ia,  for  making 
the  line  of  coUimation  parallel  to  the  plane  of  the  circle.    This  is  performed  by  two 
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•null  Kr«ira,  whlob  ftbo  &iten  th«  mIIu  into  whialt  the  t«l«MCipe  KMn  to  tbe 
upright  item  on  which  it  ii  momita] :  thii  is  known  to  ba  right  when,  th«  mn  mnd 
mooD,  faiiTiDg  »  dUluice  of  ono  handreJ  and  tbittjr  degree!  or  more,  thrar  limb*  kre 
bioDgbt  in  contftct,  joit  at  the  ontiide  of  tb*(  win  whlsh  ii  next  to  the  dicle,  nnd 
tiien  on  eiuoination  ue  found  to  be  jnA  the  mme  at  the  ont^e  of  the  othor  wire  ; 
their  being  eo  ii  the  proof  of  adjoitingiit." 

Another  iiutmment  of  Tronghton's  oonelmeUoD,  upon  the  prindple  of  the  aeztBDl, 
ii  the  Dip  Stetor,  fur  mcMuring  the  dip  of  the  horiiou.  An;  penon  who  is  tborongU; 
■eqniinted  with  the  leitwit  will  End  no  diffieoltj  in  neing  it,  after  a  few  woide  of 
expIsnnUon  from  the  maker. 

Tht  Trmmt  /netmntenf.— The  reflecting  inetniment*,  which  we  hare  jnst  de- 
wribed,  from  their  portabitit;  and  the  promptitude  and  faeilitj  with  wbidi  thej  may 
be  oeed  in  all  sitnatiDDB,  and  upon  all  occaiione,  are  mmt  ooefal  initromenti  to  the 
enTTOj'ar.  The  lexlaiit  or  reflecting  cirole,  with  id  artificial  horiion,  and  a  good 
chronometer,  forme,  in  faot,  a  eompleto  obserratorf,  with  which  the  latitndel  and 
longitadea  of  placM  maj 
be  delerminfd  to  a 
dcp-w  of  accuracj ; 
to  the  navignCor  a 

rcDSabhi ;  nil  oth^r  in 
mente  requiring  U. 
supported 

peifectl;  at  rest,  while  the 
Bcxtant  and  umilar  in- 
held  in  the 
band,  and  perform  their 
doty  wclloaUied«kof» 

neut    obeerTatiuDii,    how- 
ever, the  capital  angnlac 

liennaoeat]]'  in  the  plane 
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setting  out  a  line  in  any  required  direction  ;  and  to  the  scientific  traTeller,  for  deter- 
mining the  longitude  of  any  place  from  astronomical  oheervations,  and  for  adjusting 
his  time-keepers  with  greater  accuracy  than  can  be  obtained  by  hia  sextant  or  reflect- 
ing circle.     The  annexed  figure  represents  a  portable  transit. 

TT  is  a  telescope  formed  of  two  parts,  connected  by  a  spherical  centre-piece,  into 
which  are  fitted  the  larger  ends  of  two  cones,  the  common  axis  of  which  is  placed  at 
right  angles  to  the  axis  of  the  telescope,  to  senre  as  the  horixontal  axis  of  the  instru- 
ment. The  two  small  ends  of  these  cones  are  ground  into  two  perfectly  equal  cylin- 
ders, called  pivoU.  The  pivots  rest  upon  angular  bearings  or  I's.  The  t's  are  sup- 
ported upon  the  standards  E  and  W.  of  which  B  may  be  called  the  eastern,  and  W 
the  western  standard  :  and  one  of  the  t*s  is  fixed  in  a  horizontal  groove,  on  the 
western  standard,  so  that,  by  means  of  the  screw  S,  one  end  of  the  axis  may  be 
pushed  a  little  forwards  or  backwards,  and  a  small  motion  in  azimuth  be  thus  com- 
municated to  the  telescope.*  The  standards,  B  and  W,  are  fixed  by  screws  upon 
a  brass  circle,  0  0  0,  and  steadied  by  oblique  braces,  B  B,  which  spring  from  the 
cross-piece  C. 

On  one  end  of  the  axis  is  fixed,  so  as  to  revolve  with  the  axis,  a  vertical  cirde, 
V  V  ;  and  a  double  index  bar,  furnished  with  a  spirit-level,  II,  to  set  it  horizontal, 
carries  two  verniers,  n  ti,  adapted  to^  the  vertical  circle,  and  showing  the  angle  of 
elevation  of  the  telescope.  The  index  bar  is  fixed  in  its  position  by  a  clamping  screw, 
and  can  be  fixed  upon  either  the  eastern  or  western  standard,  at  pleasure,  while  the 
telescope,  with  its  attached  circle,  can  also  be  lifted  out  of,  and  have  its  position 
reversed  in  the  t*s.  The  pivot^  which  does  not  carry  the  vertical  circle,  is  pierced, 
and  allows  the  light  from  a  lamp  to  &11  upon  a  plane  speculum,  fixed,  in  the  spherical 
centre  piece,  on  the  axis  of  the  telescope,  and  inclined  to  this  axis  at  an  angle  of  45°. 
The  light  is  thus  thrown  directly  down  the  telescope,  and  illuminates  the  wires  of  the 
diaphragm,  placed  in  the  principal  focus  of  the  telescope.  Of  these  wires  one  is 
horizontal ;  and  a  vertical  wire  intersecting  it  in  the  centre  of  the  field  of  view,  gives 
by  its  intersection  with  it,  the  collimating  point.  There  are,  then,  other  vertical 
wires  arranged  in  pairs  equidistant  from  the  central  vertical  wires,  so  that  we  have 
either  three  or  five,  or  seven  vertical  wires,  the  most  common  number  being  five.  The 
lamp  has  a  contrivance  for  regulating  the  quantity  of  light  thrown  into  the  telescope^ 
by  turning  a  screw,  so  that  the  light  from  a  small  star  may  not  be  overpowered  by 
the  superior  light  of  the  lamp. 

The  requisites  of  a  good  instrument  are — Istly,  that  the  telescope  be  of  the  best 
quality,  and  properly  tested  ;  2nd]y,  that  the  feet-screws  act  well  and  remain  steady  ; 
Srdly,  that  all  the  screws,  by  which  the  instrument  is  put  together,  are  turned  home, 
and  remain  so,  after  the  instrument  has  been  shaken  by  carriage  ;  4thly,  that  the 
length  of  the  axis  be  just  sufficient  to  reach  from  one  T  to  the  other,  without  either 
friction  or  liberty  ;  5thly^  that  the  lamp  be  held  eo  as  not  to  require  adjustment  for 
position ;  6th]y,  that  the  screws  of  a4justmeat  of  the  diaphragm,  and  t*8,  be  com- 
petent to  give  security  of  position  to  the  parts  a4ju8ted  by  them ;  7thly,  that  the 
metallic  parts  be  free  from  flaws  in  casting,  and  that  the  pivota  be  formed  of  hard 
bell-metal,  and  incapable  of  rusting. 

The  principal  adjustments  of  the  transit  are  three  : 
1st.  To  make  the  axis  on  which  the  telescope  moves  horizontal. 


*  The  large  transits  in  permanent  obserrations  have  their  t'i  placed  in  two  dore-tailed  f  roovei, 
one  horiiontal,  and  the  other  rertical.  By  means  of  the  latter,  one  end  of  the  axis  may  be  raised  or 
depressed :  but  in  the  portable  transit  the  same  object  if  attained  by  taming  one  of  the  foot-tcrewi 
upon  which  the  entire  inttroment  rctti. 
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Sod.  To  B>ka  tb*  luM  of  sollimatian  move  in  k  grmt  Tcrtkal  mrol^  br  Mttlng 

It  pwptDdkalir  to  tha  horiuDtal  sue 
3rd.  ^  mtkm  it  mave  iikthat  Tertioal  oircle,  «hi«li  u  tin  moridUa. 

n  lul*  lA*  oxti  ioruMloJ. — Apply  to  tha  pirot*  th«  Urge  ianl,  L  L,  *Ueh  U 
ntp^ifd  *itb  the  tBatraiiunt  for  this  porpcae,  uid  ii  either  oooatraotad  to  itaud  apon 
tk*  piToti,  ID  whidi  cue  it  ii  oalled  a  Mriding  lerel,  or  guipciidMl  Ihini  the  pivots 
mnd  ii  aUled  k  hMigtag  lerel.  Bring  tho  Mr-bubble  to  the  cantn  of  tti  ran,  b^ 
toning  tha  fbot-Boraw  /.  Tam  the  lerel  and  for  end,  tod  If  the  tir-bubble  i  nlalni 
it*  paeltian,  the  siil  ii  horiionUJ  ;  Imt  if  not  it  mmt  be  brought  buk  half  bj  the 
toot-mmw  /,  Mid  the  other  bklf  bj  turning  the  aatil  screw  at  one  and  of  the  l«Tt4. 
Repeat  the  oporBtion  till  tbe  bobble  tet^ne  the  tamo  pontion  in  both  peaitioni  of  the 
lerol,  and  the  azie  will  be  horiiontai 

Ta  a^\M  iht  ti>M  of  enllimation  in  oii'mtUl. —Direct  the  teleacopa  to  aoma  distant, 
■mail,  and  well-deGned  object,  and  bisect  it  by  one  eitremil^  of  the  middle  Tartkal 
wire,  giTing  the  (desoope  the  anmnthal  motion  neeettsry  fur  this  pnrpoa*  by  tsmlog 
the  lerew  S,  By  cleTating  or  deprc^ing  tbe  telescope,  examine  vhether  the  object 
it  bisected  by  e<rery  part  of  the  middle  rertical  wire ;  and,  if  not,  loosen  the  aeravs 
which  hold  tlie  eye-end  of  the  teIa«eopa  in  its  place,  and  turn  the  end  round  Ttry 
carefully  till  tbe  error  is  remoTed.  Lift  the  traniit  off  tbe  i'>,  and  rererse  it,  so  thU 
the  end  of  tie  aiis,  which  was  upon  the  eastern  r,  may  now  lie  upon  the  weatcm, 
and  via  veni ;  and,  if  the  object  is  itill  bisected  by  the  eoitral  Tertical  win^  tha 
eollimstion  in  aiimntb  is  perfect ;  bnt,  if  not,  moTe  tha  centre  of  the  cross  wires  half- 
way towards  the  object  by  turning  tho  small  screws  which  bold  tfa«  diaphraflm,  and 
if  tiis  half-distance  has  been  correctly  estimated,  the  adjustment  will  be  aeeomplishad. 
Again,  bisect  the  object  by  the  centra  of  the  cross  wirea  by  turning  ths  aiimitthsl 
■crew  B,  and  repeat  the  operation  till  the  objeot  is  bisected  by  the  centre  of  the  enas 
wlret  in  both  poiitionB  of  the  instrument,  and  tha  adjustment  will  be  known  to  be 
perftet.* 

To  adjiat  tkt  (rmwit  to  Ifit  mtridian. — Tha  line  of  oolUmation  by  reason  of  the 
pieTlaus  a^instmant  describes  •  vertical  circle,  and,  thetefore,  bisects  the  senith, 
which  is  one  point  in  the  meridian.  If,  then,  we  can  make  it  also  blssot  another 
pdnt  in  the  meridian,  it  will  more  entirely  in  the  meridian.  Compnte,  from  the 
Table*  In  the  Nantical  Almtinac,  the  tjme  of  Polvia  coming  to  tbe  meridian,  and  at 
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PolAria,  and  L  the  latitude  of  the  place ;  then,  Z  reprewnting  the  derialion  from  the 
meridian  in  time^  the  valne  of  Z  will  be  given  by  the  logarithmic  foimnla 

log.  Z  =  log —  +  log.  sec.  L  +  log.  tan.  t  —  20. 

SXAHPLE. 

Place  of  obserTatioD,  Cambridge,  latitude  52*  12'  36'' 
Polar  distance  of  Polaris  l**  89'  25"  05. 

IMfference  of  intervals  from  12  hours  7"  22*  =  442«. 

i.  =  221 log.         =       2-3448923 

2 

L  =  52*  12'  86" log.  sec.  =     10*2127080 

»   =  r  89'25"05 log.  tan.  =       8-4518064 

Z    -=  10-195 log.         =     210084017 

To  determine  the  value  of  a  revolution  of  the  azimuthal  screw  S,  the  time  of 
passage  of  an  equatorial  star  across  the  middle  vertical  wire  must  be  noted  one  daj ; 
and,  then,  turning  the  screw  S  once  round,  the  time  of  passage  *  must  be  noted  again  ; 
and  the  difference  of  these  times  will  be  the  value  in  time  of  a  revolution  of  the  screw. 
Suppose  the  difference  thus  observed  to  amount  to  two  seconds,  then  the  value  of  one 
complete  revolution  of  the  screw  S  is  two  seconds,  and  the  value  of  the  motion  of  the 
adjusting  screw  being  thus  obtained,  must  be  reduced  to  the  horison,  by  increasing  it 
in  the  ratio  of  cosine  of  latitude  to  radius,  and  may  then  be  applied  to  correct  the 
error  of  deviation  as  found  above. 

A  second  method,  founded  on  the  same  principles  as  the  preceding,  consists  in 
observing  the  pole  star,  and  another  star  which  crosses  the  meridian  near  the  zenith  of 
the  place  of  observation.  The  time  of  passage  of  such  a  star,  Capella,  for  instance, 
when  near  its  superior  transit,  across  the  middle  wire  of  the  telescope,  will  differ  but 
very  little  from  the  time  of  passing  the  true  meridian,  if  the  deviation  of  the  instm* 
mcnt  from  the  meridian  be  but  small.  Assume  the  two  times  to  agree  exactly,  and 
the  difference  between  the  times  of  superior  transit  of  Capella  and  Polaris  will  be  the 
difference  of  the  observed  right  ascensions  of  these  two  stars.  From  this  difference 
subtract  the  difference  of  the  computed,  or  catalogued,  right  asoensiona  of  the  stai-s, 
and  call  the  result  D  ;  and  the  deviation  will  be  given  by  the  formula 

log.  Z  =  log.  D  +  log.  sin.  w  +  log.  sec.  (L  +  w), 

w  being  the  polar  distance  of  Polaris,  and  L  the  latitude  of  the  place  of  observation. 
From  Capella  not  having  been  exactly  on  the  meridian,  when  on  the  middle  vei-tical 
wire,  the  value  of  D,  as  above  obtained,  is  only  an  approximation  to  the  error  of  the 
observed  right  ascension  of  Polaris,  and  the  deviation  computed  from  it  will  be  only 
approximately  correct ;  but,  by  repeating  the  operation,  the  adjustment  may  bo 
completely  perfected. 

I)  is  actually  the  value  of  the  turn  of  the  errors  of  the  observed  right  ascensions  of 
Capella  and  Polaris,  and  hence  the  value  of  Z  will  be  correctly  given,  by  so  considering 
it,  instead  of  supposing  as  above,  that  this  is  error,  for  Capella  is  zero.  The  true 
deviation  then  is  given  by  the  formula 

log.  Z  =  log.  D  +  log.  sin.  w  +  log.  sin.  ir'  +  log.  cosec.  (w'  ~  w)  +  log.  sec  L. 

•k'  being  the  polar  distance  of  Capella. 

*  The  time  here  tpoken  of,  and  throaghonl  the  description  of  thii  insteoment,  nnlets  otberwiM 
expressly  stated,  is  sidereal,  and  not  mean  time. 
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Uibg  lliit  lut  famnk,  the  uelliod  mftj  be  kppli«d  to  Fduii,  kod  tinj  ilar  dktuit 
from  tti«  fdie,  or  to  ui;  two  lUn  iHhtiag  from  Moh  other  not  leaa  Uua  40°  in  de. 
dinatioD.  If,  hoireTer,  tha  truait  of  one  tlar  ii  abstrred  kboTc,  tuid  of  the  other 
belov  the  pole,  the  formnta  will  be 


log.  Z  =  log.  D  -1-  log.  Bin. 


h  log.  «iii.  ■*  +  log.  eoiec  {it*  + 


Couddcnble  odTwitags  taij  be  obtained  by  aeleeting  two  aUti  that  differ  but  little 
in  right  aBceiision,  u  Uien  is  then  Uie  teaa  probalHlity  of  error  &am  k  ehtsge  io  the 
rale  of  the  clod,  or  in  tha  poaition  of  the  inaLninieat,  on  nhich  uconnt  raoh  methoda 
are  to  be  preferred  in  tempoiarj  obscrraloriia,  nhere  tbe  atabilitj  of  the  iutnunent 
ia  not  to  be  depended  upon  for  au;  length  of  time. 

In  all  the  preceding  formnhe,  the  devbtigu  from  the  mendiin  ia  given  in  time  ;  bat 
to  eonrert  it  into  angular  measnre,  if  deaimble,  we  huTe  onlj  to  mnltipl;  by  15,  and 
the  aeconda  of  time  will  be  conrerted  into  leconda  of  a  degreo. 

When  the  inatmment  ia  by  any  of  the  metboda  explained  above  bronght  into  the 
meridian,  a  diatant  mark  may  be  aet  np  in  tha  plane  of  the  meridian,  by  whkh  the 
adjuitment  to  the  meridian  nuy  aflerrarda  be  teated. 

Mukod  lifobierving  vilh  the  Iraniit. — The  adinitmenta  baring  been  eompleted,  in 
making  obeerratiaua  with  the  instrament,  the  inatant  of  a  atar'a  paaaing  the  middle 
Tartical  wire  will  be  the  time  of  the  atar'g  tranait ;  bnt  tbo  time  of  tha  •lai's  paaaing 
all  the  five  wires  moat  be  noted,  and  the  mean  of  the  timea,  taken  w  the  time  oC  tiaa- 
^t,  will  be  a  more  aoenrale  teanlt  tbao  the  Ume  obaerred  at  the  middle  wire  only. 

When  the  aon  i*  the  object  obserred,  the  time  of  the  centre  of  hia  diac  paaaing  the 
middle  wire  ia  the  time  of  traniit ;  but  aa  it  woold  be  impoaaible  to  eatimate  this 
oentre  with  accnnuy,  the  time  of  both  hia  limha  coming  into  contact  with  each  wire 
in  ineceaaion  ia  to  be  noted,  and  a  mean  of  all  theae  Umea  will  be  the  time  of  ttanait 
required.  Tbia  mean  may  be  conrenientiy  taken,  by  writing  the  obaerred  timea  of 
contact  of  the  Gral  and  aeoood  limba  nndemealh  eaeh  other  in  the  lerene  order,  when 
the  enmi  of  each  pair  will  be  nearly  equal.* 
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provided  they  were  placed  ISO**  apart  measured  on  a  great  circle,  the  isodynamical 
lines  described  about  each  woald  still  be  circles.  But  as  in  reality  there  are/otir 
foci,  all  represented  by  nneqaal  degrees  of  force,  and  at  unequal  distances  from  each 
other,  the  resulting  action  of  the  forces  at  any  three  centres  causes  the  isodynamic 
lines  to  be  found  of  the  form  of  irregular  curves  about  the  fourth.  As  the  centres  in  the 
southern  hemisphere  are  probably  at  too  great  a  distance  to  have  more  than  a  slight, 
if  any,  disturbing  effect  upon  the  curves  in  the  vicinity  of  the  centres  in  the  northern 
hemisphere,  and  vice  verad,  those  curves  should  become  ovals,  having  their  longer 
axes  directed  towards  the  adjacent  centre, — that  centre  alone  practically  exercising  a 
disturbing  influence  in  causing  the  curves  to  deviate  from  circles.  By  observation, 
such  is  actually  found  to  be  the  case;  the  maps  of  isodynamic  lines,  drawn  from 
observations  distributed  over  a  great  part  of  the  earth's  sur&oe,  accord  in  all  their 
leading  features  with  those  derived  from  theory ;  and  there  is  little  difficulty  in  con- 
ceiving that,  the  fact  of  the  existence  of  four  points  or  foci  of  maximum  intensity  being 
once  established,  and  the  position  as  well  as  the  amount  of  the  forces  acting  at  each 
ascertained  with  some  degree  of  certainty,  the  calculated  isodynamic  curves  should 
coincide  generally  with  the  configuration  of  the  curves  found  by  actual  observation. 

It  is  evident  that,  starting  from  each  focus  of  maximum  intensity  considered  as  a 
centre,  the  intensity  is  of  smaller  amount,  in  whatever  direction  we  may  proceed  :  if 
we  then  draw  lines  through  all  the  points  in  which  the  intensity  is  equal,  we  form 
curves  which  are  ovals  surrounding  each  other,  that  which  represents  a  less  degree  of 
intensity  enclosing  within  it  all  those  which  are  of  greater  amount :  systems  of  curves 
are  thus  formed  about  four  foci  situated  at  certain  positions  on  the  globe.  Continuing 
to  draw  these  curves,  the  systems  gradually  approach  each  other,  until  at  last  two 
adjoining  systems  become  actually  in  contact :  the  line  then  drawn  through  the  points 
of  equal  intensity  will  represent  the  figure  8  ;  and  if  we  still  continue  to  draw  curves 
the  two  systems  will  become  one,  lines  corresponding  to  lower  intensities  enclosing 
both  centres.  The  systems  that  first  come  in  contact  are  the  two  northern  together 
and  the  two  southern  together ;  so  that  there  are  then  but  two  systems,  one  about  the 
northern  foci  and  the  other  about  the  southern  foci.  Ck)ntinuing  still  to  draw  curves, 
these  two  systems  themselves  eventually  encounter,  and  when  in  contact,  a  more 
extended  figure  of  8  is  formed. 

We  have  now  evidently  reached  the  limit  beyond  which  no  closed  curve  of  equal 
intensity  round  any  of  the  centres  can  be  drawn  ;  but  keeping  in  view  that  the  curves 
are  projected  on  the  surface  of  a  globe,  we  find  that  a  space  exists  not  traversed  by 
any  lines,  and  where  the  intensity  is  of  smaller  amount  than  we  have  yet  noticed : 
this  space  opens  in  some  localities  to  from  10**  to  20^  of  latitude,  and  at  one  place 
contracts  to  a  point,  the  point  of  junction  of  the  northern  and  southern  systems : 
commencing  from  this  point  of  junction,  and  drawing  a  line  through  the  minimum 
intensity  on  each  geographical  meridian,  there  will  be  formed  a  line  separating  the 
governing  forces  of  the  northern  foci  from  the  governing  forces  of  the  southern. 
This  line  'Ms  not  one  of  those  which  has  been  characterised  or  referred  to  by  M.  de 
Humboldt,  but  is  an  important  one  in  the  view  which  it  enables  us  to  take  of  the  mag- 
netical  relations  of  the  different  portions  of  the  globe  :  '*  *  the  intensity  on  this  line  is 
of  unequal  amount ;  at  the  point  of  junction  the  intensity  is  greatest,  and  at  a  point 
on  the  meridian  where  the  northern  and  southern  systems  are  the  farthest  distances 
apart,  the  intensity  is  least,  and  represents  the  minimum  of  force  on  the  surface  of  the 
globe. 

The  forces  acting  at  these  foci  govern  likewise  the  phenomena  of  the  magnetic 

*  *  Couno*,'  vol.  i.  p.  413,  note  by  tht  editor. 
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dsdliiutioa  kud  iseliiittioD,  eansing  (ha  iiogome  and  uo^nal  lina  to  fbllDir  ontala 
cDTrei  ;  and  it  probabljp  on  be  demonBtnt«d  tbit  the  salcoltted  mrvM  differ  in  no 
remftrkftble  featnra  from  such  m  an  diwro  from  obsemtioD ;  bnl  it  ii  »  matter  of 
macb  etfoter  difficaltr  to  comprehend  the  Dktnre  of  the  I>«B  vMcb  pnxlaca  theM 
oarTCH  (the  itogonic  and  iwdiiutl)  thui  of  the  fbrcu  neceanrj  to  produce  tba 
isodfnunie  cnirei ;  for  tlui  reuon,  that  the  uodjnamie  enrrea  tie  pnralf  magnetjcal, 
while  the  isogODio  imd  iwcUnal  cnrrei  are  eiprcesed  in  refennee  to  eotuidnatioiu 
hsTing  no  neceaurr  connection  with  magnetiEm.  We  ouinot  make  thii  ptunt  moi* 
clear  than  bj  qnoUng  at  length  the  folloTing  remarki,  exttaetad  from  Babtne'i  mnk 
on  HagnetJc  Tiit«nutf . 

"Vieved  nnder  the  moat  foToaiablo  drcnmrtaneea,  and  in  its  mmplast  Mpcct,  Uie 
magnetiam  of  the  earth  ia  itjll,  it  mnit  be  aeknovledged,  a  highly  complicated 
Bubject,  and  needs  not  the  additional  compltcalion  of  its  phenomena  being  involTed 
vith  coniidera^ns  foreign  to  itaelf.  Now  the  lincB  of  eqnal  dip  and  equal  Tariation 
do  not  expreu  limple  magnetic  relations.  The  linei  of  eqnal  dip,  for  example, 
connect  thoee  etations  on  the  earth'a  sorfitce  trhere  the  direction  of  the  magnetic 
attraction  forms  a  certain  angle  with  the  horiiontal  plane  at  the  station.  Bnt  eTei7 
atation  has  il«  own  horiionUl  plane,  depending  on  the  direetum  cf  gravity,  which  has 
no  known  or  neceesar;  connection  with  magnetism .  The  sero  planes  thus  dlflMng, 
the  eqaalit;  of  dip  does  not  expreu  or  neeenarilr  inpl;  a  simple  mimetic  relation, 
bat  has  reference  to  the  attraction  of  graviUtion,  aa  well  as  to  that  of  magnetiam. 
The  lines  of  eqnal  Tariation  expreu  a  eomplei  relation  of  a  smilar  oharacter.  Hert^ 
also,  the  lero  planes  change  with  the  station ;  and,  the  variation  being  the  nme  at 
two  stations,  bj  do  means  iotplin  parallelism  in  the  direction  of  the  needle  at  them, 
or  aaj  other  speeifio  relation  whataoerer,  independent  of  the  geographical  pole,  whicJi 
pole  haa  no  known  or  necenarjr  conpeetioQ  with  magnetism.  It  i*  not  the  same  with 
the  lines  of  eqoal  intensit;.  WhatcTer  ma;  be  the  sonrcei  of  magnetic  attraction, 
and  whereTer  their  sitnation  in  space, — wbether  snperBcial,  aa  regards  the  earth,  or 
above  or  beneath  Ita  mrface,— the  line  of  equal  intensity  expreuet  the  eqnalitj  of 
their  moltant  at  all  those  points  of  the  earth's  snr&ce  through  which  it  ia  drawn, 
unmixed  with  anj  consideratioDs  foreign  to  nagnetinn.  The;  are  pure  magnetioal 
ieodyaamic  lines  at  the  surface  of  the  globe,  and  express  a  common  relationihip  to  the 
sonrcea  of  magnetinil  attraction.     The  instmction  thej  ootiTty  is  there&re   more 
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a  ehart  of  Tariation,  is  the  esdstenoe  of  two  orals  or  carres  of  equal  dedioatioii 
whose  extremities  meet  and  form  closed  systems :  one  of  them  Is  situated  in  the 
Pacific  Ocean,  and  the  other  in  Bastem  Asia. 

The  general  aspect  of  the  projection  of  the  Uoelinal  ctinres  conveys  the  impression 
of  a  greater  simplicity  in  the  action  of  the  forces  by  which  they  are  produced,  than  in 
the  forces  which  goyem  the  isogonic  and  isodynamic  corves. 

The  line  of  no  dip,  or  the  line  drawn  through  all  those  points  where  the  needle 
remains  horizontal,  and  the  inclination  consequently  equal  to  0,  encircles  the  globe 
near  the  terrestrial  equator.  From  this  line  the  inclination  gradually  increases  as  a 
higher  latitude  is  attained,  whether  in  proceeding  northward  or  southward,  until  the 
vicinity  of  either  pole  be  reached,  when  the  needle  becomes  vertical,  or  the  dip 
is  90'. 

The  above  very  brief  description  is  sufficient  to  give  a  general  idea  of  the  course  of 
the  isoclinal  lines,  and  is,  in  fact,  but  a  very  rough  approximation  to  the  truth,  as  we 
shall  find  upon  entering  into  a  more  detailed  examination  of  the  question.  It  appears, 
from  observations  made  by  Captain  Duperrey,  of  the  French  Navy, — who  undertook 
a  voyage  of  circumnavigation  in  the  years  1822-1825,  by  order  of  his  Government, 
for  the  purpose  of  making  magnetical  observations,  and  more  particularly  with  the 
design  of  ascertaining  the  precise  localities  at  which  the  needle  remained  korisontal, 
— ^that  the  line  of  no  dip  at  that  time  crossed  the  equator  in  long.  5**  E,  (from  Gh^en- 
wich),  and  proceeding  southward,  attained  its  extreme  southern  limit  in  15^°  S.  lat. 
and  in  long.  39**  W. :  turning  from  thence  again  towards  the  north,  it  reached  within 
24**  of  the  equator  in  100**  W.  long.,  having  on  the  way  effected  a  slight  retrograde 
movement  near  the  western  coast  of  South  America  :  proceeding  thence  in  almost  a 
parallel  line  with  the  equator,  but  inclining  slightly  northward,  it  arrived  in  N.  lat. 
in  the  meridian  of  180**;  continuing  thence  so  rapidly  to  the  northward,  that  it  was 
found  to  have  made  7i^  of  lat.  in  traversing  37*  of  long,  eastward  ;  and  following  the 
same  x^arallel  of  latitude  until  the  meridian  of  120**  was  att&ined,  northing  was  again 
gradually  made,  until  the  maximum  distance  from  the  equator  of  13^**  was  reached, 
in  4**  B.  long.  Turning  from  this  point  to  the  southward,  the  line  proceeded  unin- 
terruptedly  to  its  starting  point  on  the  equator,  in  5^  E.  longitude. 

If  we  start  from  the  line  of  no  dip,  and  travel  directly  northwards,  the  north  end 
of  the  needle  is  found  to  incline  below  the  horizontal  line,  and  to  dip  more  and  more 
as  we  proceed :  if  we  travel  southwards  from  the  same  line,  the  sotUh  end  of  the 
needle  becomes  the  lower,  and  continues  to  incline  in  like  manner  in  our  progress  ; 
but  the  increase  of  the  angle  of  inclination,  in  low  latitudes  especially,  more  than 
keeps  pace  with  the  increase  of  the  latitude.  Humboldt,  on  one  occasion,  Ibund  a 
change  of  inclination,  amounting  to  8**  1',  corresponding  to  a  difference  of  8'  67' 
of  lat. ;  and  upon  another,  a  change  of  inclination  of  20"*  7',  produced  by  a  difference 
of  9"  60'  of  latitude.  While  such  is  the  case,  a  ship's  position  may  often  be  known 
from  a  determination  of  the  inclination,  when  an  astronomical  observation  could  not 
be  obtained  ;  in  fact,  the  magnetical  observation  might  often  be  found  not  only  the 
most  simple,  but  the  most  useful,  from  its  results  being  available  at  any  time  of  the 
day  or  night.  Instances  are  on  record  where  the  magnetical  observation  has  actually 
been  applied  to  this  purpose. 

Sir  J.  C.  Boss  observed  the  needle  to  be  vertical,  the  north  end  dipping  90^,  on  the 
2nd  June,  1831,  in  lat.  70**  6'  N.,  long.  96°  46'  W.»  The  same  Officer  obwrred  a 
south  incUnation  of  87''  6'  in  lat.  74**  69'  S.  and  long.  173**  40'  B.,  the  greatert 
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indluitiuii  of  tkia  tooth  Sod  of  (lie  needls  that  ■■  ;el  been  oburred.  Prani  hU 
obsetntioQ  it  hu  been  inferred  that  Ou  n«edl«  Toald  be  Tertical  in  aboat  71°  S.  Ut. 
and  15(f  S.  loDgltade. 

It  hu  occurred  to  na  here  to  remark,  for  the  purpose  of  proTentiDg  the  poBulnlity  of 
iDLilake,  that  whererer  in  thi»  paper  (he  Korth  end  or  pole  of  the  magnet  u  Bpoken 
of,  it  ie  to  be  uaderstood  that  we  refer  to  that  end  which  pointa  toirardi  the  North, 
and  of  the  Sooth  end  that  which  ptunts  to*»cd«  the  Sooth.  It  ia  necemrj  that  a 
clear  andcretandiag  on  this  point  shoald  exist,  beoaoM  manj  writen  emploj  these 
terms  precisely  rflTeneil,  calling  the  North  end  of  the  needle  that  end  vhieh  i* 
directed  towarde  the  Sonth,  and  vice  vntS,  slating  a*  a.  kasod,  that  beeanee  the  north 
pole  of  a  magnet  repcli  the  north  pole  and  attracla  the  eonth  pole  of  another,  thftt  is, 
u  there  eiiala  a  repolnon  between  powere  of  the  same  name,  and  attraction  between 
powers  of  the  opposite  name,  thej  conuder  Uiat  the  earth,  the  most  powerfal  of  all 
magnela,  sbonld  be  lopposed  to  exert  a  eimilar  effect  open  magnets  infinenced  b;  it, 
and  therefore  that  end  of  the  needle  attracted  towards  the  North  pole  of  the  earth 
should  be  called  the  Soiith  end,  and  that  end  repelled  from  the  North  pate  and  attntetcd 
towards  the  Sonth  pole,  ahoold  be  called  the  North  end  of  the  needle.  We  haTe,  how- 
crer,  employed  the  terms  most  general!;  in  oee,  as  more  obvions  and  less  likel;  to 
canse  confuBioD. 

Having  now  completed  a  general  view  of  the  distribution  of  magnetie  elements  over 
the  globe,  we  may  proceed  to  notioe  the  changes  to  which  these  elements  are  liable. 

The  Bocular  change  ia  that  change  Ij;  which  an  element  at  any  particular  station 
Is  found  to  increase  nr  diminish  from  year  to  year,  sometimce  reaching  a  oerlain  limit, 
and  then  elowly  returning  to  the  originsl  ralue.  This,  no  duubt,  is  doe  to  the  move- 
ment of  the  goTeming  centres  of  intensity  ;  bnt  the  direction  and  rate  of  that  motion, 
and  whether  all  or  any  of  them  make  the  circuit  of  the  globe,  are  qnesUons  not  jet 
capable  of  correct  solution.  The  effect  of  the  secular  change  is,  in  the  course  of  a 
series  of  ycara,  so  to  alter  the  earth's  magnetic  dietribation,  that  the  eiialJDg  maps 
eihlbitinfi  graphically  the  course  of  the  curTcs  no  longer  convey  correct  repieaenta- 
tioDS  of  this  phenomena,  and  consequently  render  it  necessary  to  resort  to  obeerTBtioD 
again  fur  the  congtrncllon  of  new  maps.  For  this  purpose,  Humboldt  says,  "it  would 
be  requisite  to  send,  four  times  in  each  century,  an  expedition  of  three  shipa,  which 
should  hare  to  examine,  as  nearly  as  possible  at  the  some  Ume,  the  stale  of  magnetism 
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steadily  westward.  The  same  observations  shew  that  these  moTements  ai^  some- 
what modified  by  the  season  of  the  year ;  that  during  the  summer  months  the 
extreme  limits  take  place  rather  lat^r,  both  in  morning  and  afternoon,  and  that  the 
range  is  considerably  greater ;  the  amount  of  the  diurnal  variation  being  from  10^  to 
12'  during  the  summer  months,  and  not  more  than  from  5'  to  7'  during  the  winter 
months  ;  the  movement  in  the  spring  and  autumn  bearing  an  intermediate  character. 

The  curve  of  daily  variation  will  probably  be  found  to  possess  the  same  general 
character  at  all  stations  in  the  middle  latitudes  of  the  northern  hemisphere.  The 
Greenwich  observations,  taken  two-hourly,  shew  that  the  western  limit  is  attained 
extremely  regularly  at  2  p.m.,  but  that  the  eastern  limit  is  more  generally  found  at 
the  hour  at  which  the  second  minimum  is  reached  at  Toronto,  viz.  about  10  p.m.  ; 
though  frequently,  and  more  X)articularly  during  the  summer  months,  the  extreme 
eastern  limit  is  attained  at  the  morning  hour,  8  a.m.  The  Greenwich  observations 
also  exhibit  the  double  movement,  having  two  maxima  and  two  minima. 

In  the  middle  latitudes  of  the  southern  hemisphere,  the  hours  of  local  time  corre- 
sponding to  each  turning  point  seem  to  be  as  nearly  as  possible  identical  with  the 
turning  points  in  the  northern  hemisphere  ;  that  Is,  comparing  the  daily  movements 
of  a  declination  magnet  situated  in  the  northern  hemisphere  with  the  daily  move- 
ments of  another  magnet  at  a  station  in  nearly  similar  latitude  in  the  southern  hemi- 
sphere, and  situated  on  the  same  meridian,  there  is  found  to  be  a  remarkable  connec- 
tion between  the  movements  of  the  two  magnets,  the  extreme  positions  and  the 
secondary  maxima  and  minima  being  attained  at  nearly  simultaneous  times  ;  but  the 
directions  of  the  movements  are  precisely  contrary  :  while  the  north  end  of  the 
magnet  is  progressing  westwardly  in  the  northern  hemisphere,  the  north  end  is  moving 
castwardly  in  the  southern  hemisphere,  and  vice  versd.  The  peculiar  connection  be* 
tween  the  diurnal  curves  in  the  northern  and  southern  hemispheres  is  further  exemplified 
in  the  effect  of  season  :  the  characteristic  feature  of  the  summer  cuitc  in  the  northern 
hemisphere,  as  has  been  already  stated,  is  that  the  diurnal  changes  are  much  greater 
tlian  in  the  winter  months ;  and  this  we  find  to  be  the  case  in  the  southern  hemisphere, 
the  greater  diurnal  movement  taking  place  during  the  southern  summer  months. 

If  we  consider  the  contrariety  of  movements  simultaneously  occurring  in  the 
northern  and  southern  hemispheres,  we  perceive  it  to  be  clearly  impossible  that  two 
observers  approaching  the  equator  in  opposite  directions  should  find  that  the  western 
movement  of  the  north  end  of  the  needle  is  suddenly  converted  into  an  eastern  move- 
ment, and  an  eastern  into  a  western  movement,  and  that  therefore  the  conjecture  was 
by  no  means  imreasonable,  that  as  the  observers  approach  each  other,  the  diurnal 
changes  would  be  found  gradually  to  diminish,  both  ceasing  altogether  in  a  space  or 
zone  where,  the  two  movements  being  neutralised,  the  needle  remained  stationary. 
M.  Arago  arrived  at  this  conclusion,  expressed  in  the  following  words  :  '*il  y  a  n6ces- 
sairement  entre  la  zone  oil  s^observe  le  premier  de  ces  mouvements  et  celle  od  s*op^ 
le  second,  une  ligne  oi!^  le  matin,  raignille  ne  march  ni  &  Torient  ni  &  Voecident, 
c*est-&-dire  rests  stationnaire."  Humboldt  recently  alludes  to  the  same  problem,  and 
appears  to  consider  the  existence  of  a  zone  or  line  round  the  earth,  answering  these 
conditions  highly  probable.  The  question  has,  however,  been  solved,  and  in  a 
manner,  perhaps,  scarcely  anticipated. 

Sabine  has  shewn,  in  a  paper  read  before  the  Royal  Society,  February  18,  1847,* 
that  there  are  certain  stations,  which  may  be  regarded  as  situated  between  the 
northern  and  southern  magnetic  hemispheres,  where  the  diurnal  variation  possesses 
the  characteristics  of  the  phenomena  of  both.     While  the  sun  is  in  the  northern 
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ngut,  the  moTAiiMiit  of  Ih*  north  end  of  the  naadle  eorraipoBdB  in  direetidn  to  «bt 
*e  haTe  meationedM  laluDg  place  in  BOiihem  latitude*  ;  and  vhila  the  nm  ii  in  the 
■anUiem  ntpa,  «■  ta  what  we  hara  mentioned  ai  oomnuig  in  eonthern  Utitsdec  Tlue 
eonelnaion  waa  arrived  rt  from  the  examination  of  the  reaulta  of  the  obeeiratiaiu  at 
the  Obaerraloi?  at  St.  Helena,  iitaated  in  1S°  ST  S.  latitade,  and  where  the  indina- 
tbn  IB  abont  22°.  The  fact  ii  nry  deoidedl;  prored,  that  in  Nonniber,  DeMmbcr, 
Janoarr,  and  Febmaiy,  the  diurnal  wiaUon  ooneipondi  to  that  obaerred  at  Toionto 
in  Canada,  aa  u)  init«nM  of  the  diornal  variation  in  the  northen  magnebe  bemi- 
■pbere,  wliile  in  Haj,  Jane,  Jul;,  and  Aogott,  the  variation  ii  aimilar  to  that 
oloerved  at  Hobart  Town,  Tan  Ciemen's  Iiland,  ooondered  ai  exempliiyinB  the  dinnial 
variation  in  the  tontheni  magnetic  hemiaphere;  aleo,  that  in  Marah  and  April, 
September,  and  October,  the  monthi  when  (he  ran  ie  in  the  lidnit;  of  the  equator, 
the  moTementa  partake  more  or  lera  of  the  chanoterietiea  of  both  loaione  :  a  detailed 
eiaminatioQ  of  this  rabjectwill  be  found  in  the  paper  already  allBded  %a,  and  we  with- 
out hesitation  arrive  at  the  conduiion  llut  a  line  or  lone  charaeterieed  bj  the  die- 
kppeorance  of  ail  diomol  variation  does  not  eiiit  on  the  globe. 

Thte  mtereeting  pecoliaritj  in  the  dinnial  cnrve  of  the  deeliDation,  aa  well  aa  the 
general  emplojment  of  the  initmment  for  practical  pnrpoaei,  hai  indaoed  ni  to  l«fer 
putienlarl;  to  its  change*.  It  ma;  be  nffident  to  notice,  with  reapeet  to  the  indiea- 
(ioni  of  the  other  in*tnunenta,  that  the  force  nndergoei  a  certain  change  depcoding 
upon  the  hoar  of  the  daj,  forming  each  day  a  certtua  carve  in  an  eitremely  regnlor 
manner  j  and  we  diimiei  the  eoniideration  of  theae  change*  with  the  remark,  whioh 
i^lie*  to  all  regular  moTemenle,  that  the  oocnirenoe  of  im^or  ohongee  are  anffi- 
caent  u  fcequenti  j  to  dettroj,  or  rather  to  uaik  the  regular  march  of  the  needle,  tkat 
a  aerie*  of  ot«er>»tioa>  mart  be  prolonged  to  some  ceniideiable  extent,  to  attiva  at 
anj  predae  eonclDaioni  regarding  the  chaiaoter  of  the  eurre*.  Thi*  hi*  now  been 
aoeompliehed  at  the  Colonial  ObierTaloriea. 

Onr  attention  ma;  next  be  directed  to  the  inegnlar  flnetoationa,  phenomena  whieh 
an  eolealated  to  excite  the  greatest  intereat.  Ttie*e  magnetis  dittnrbonoe*,  when  of 
an;  oonaiderable  amount,  *eem  alwajni  to  be  aooomponied  bj  the  Aoroia,  and  both  the 
diitnrbanee*  and  Anrora  apparently  to  be  excited  by  the  nme  eauie. 

It  ha*  been  the  eaetom  at  the  Ordnance  Hagnelieal  Obaervatorie*^  upon  an  irregn- 
larity  in  the  march  of  Uie  needle  monifeeluig  ilael^  to  commenea  contlnnoua  oheervo- 
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turbanoe  in  the  equilibrium  of  the  magnetio  foroes  should  occur  without  an  acoom- 
panying  register  of  the  needless  ezcnrsions. 

So  long  as  the  establishment  of  an  obeenratory  is  on  a  sufficiently  extensive  scale 
to  permit  a  system  of  observation  to  be  sustained,  similar  to  such  as  has  been  in 
operation  at  the  Colonial  Obserratories,  a  pretty  constant  watch  can  be  kept  upon 
the  magnets,  and  any  irregukr  fluctatioDS  scarcely  fails  to  be  noticed  :  the  omission 
does  not,  at  all  eyents,  extend  beyond  the  hour  at  which  the  next  regular  obsenration 
is  registered  ;  and  eyen  that  would  be  avoided,  could  an  apparatus  be  contrived  which 
should  act  as  an  alarum  when  the  excursion  of  the  magnet  exceeded  by  a  certain 
amount  the  usual  diurnal  variation  ;  but  when  the  disturbance  has  once  commenced, 
unless  a  number  of  observers  be  ready  to  oontribnte  their  assistance,  the  movements  of 
the  magnets  cannot  be  followed  uninterruptedly  ;  and  should  the  disturbance  extend 
over  a  period  of  many  hoars,  the  most  zealous  observers  must  in  the  end  be  compelled 
by  fatigue  to  relinquish  their  task.  For  this  class  of  observations,  a  mode  of  auto- 
matic registration  would  appear  to  be  especially  valuable  ;  and  as  it  is  not  advisable 
to  impede  in  the  slightest  degree  the  free  motion  of  the  magnet,  by  causing  it  to  exert 
any  mechanical  force,  however  slight,  the  desired  object  seems  likely  to  be  effected  by 
means  of  photography.  Mr.  Charles  Brooke  is  the  inventor  of  an  apparatus  which 
has  been  employed  with  great  success  at  the  MagneUcal  Observatory  at  Greenwich,  in 
self-regiBtering  the  movements  of  the  magnets. 

The  method  consists  in  attaching  to  the  centre  of  the  magnet  a  concave  elliptical 
mirror,  which  receives,  from  a  camphine  light,  a  vertical  pencil  of  light  passed  through 
a  slit  about  one-fourth  of  an  inch  deep  and  one-hundreth  of  an  inch  wide  in  the  copper 
chimney  of  the  lamp.  The  mirror  reflects  this  pencil  through  a  cylindrical  lens,  the 
axis  of  which  is  horizontal,  thereby  reducing  the  vertical  pencil  of  light  to  a  point, 
and  the  point  of  light  is  received  upon  prepared  paper  wrapped  round  a  cylinder 
which  revolves  horizontally  on  its  axis  by  means  of  clock-work.  The  point  of  light 
thus  undergoes  a  horizontal  movement  corresponding  to  that  of  the  magnet,  but 
magnified  proportionably  as  the  distance  of  the  cylinder  from  the  mirror  is  increased  ; 
and  the  revolution  of  the  cylinder  causes  each  portion  of  the  paper  successively  to  be 
subject  to  the  action  of  the  point  of  light. 

The  chemical  preparation  of  the  paper,  and  the  subsequent  briogbg  out  the  curve 
traced,  need  not  be  here  described.  An  account  of  the  apparatus,  illustrated  by 
drawings,  with  fM-similes  of  some  impressions  obtained,  is  published  in  the  *  Philo- 
sophical Transactions,'  Fart  I.  for  1847.* 

An  apparatus  on  a  somewhat  different  principle,  in  which  the  use  of  the  camphine 
lamp  has  never  been  found  necessary,  employing  the  sun^s  light  by  day  and  that  of  a 
common  Argand  lamp  by  night,  is  the  beautiful  invention  of  Mr.  Francis  Ronalds,  of 
Eew.  Mr.  Bonalds's  apparatus  consists  in  suspending  a  very  fine  blackened  wire 
vertically  over  or  beyond  the  end  of  the  magnet,  passing  through  slits  in  the  bottom 
of  the  case  enclosing  the  magnet,  and  descending  into  a  luoemal  microscope  beneath. 
Near  to  the  wire,  or  index,  as  it  is  called,  is  the  oiject-end  of  the  microscope,  closed 
by  a  pane  of  glass  by  day  and  by  condensing  lenses  when  the  Argand  lamp  is  used. 


*  Since  the  sbovs  wta  written,  Ifr.  Brooke  hat  been  able,  by  inereaeiag  the  •eaeibiUty  of  the 
prepared  paper,  to  caoM  e  good  imprcMion  to  be  produced  by  the  action  of  naphthalised  gai :  gas 
ia  laid  on  at  the  Royal  Obaervatory,  Greenwich,  which  being  paaaed  through  a  vetsel  containing 
naphtha,  i«  employed  in  the  photographic  registration  of  all  the  magnetometers.  From  still  more 
recent  experiments  made  at  his  house  in  London,  Mr.  Brooke  entertains  confident  hope  of  so  pre- 
paring the  paper,  that  the  action  of  a  eoounon  oil  lamp,  notwithstanding  the  loM  of  light  occasioned 
by  reflection,  nay  be  sufficient  to  produce  a  distinct  trace  of  the  nagnetie  movements. 
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its  guidance,  or  that  there  is  shewn  sufficient  acquaintance  with  its  nature  and 
properties  ;  so  that  in  fact  the  compass,  in  such  cases,  loses  much  of  the  yalue  other- 
wise its  due. 

The  cause  which  most  frequently  operates  to  impair  the  efficiency  of  the  ship's 
compass,  is  the  not  ascertaining  and  allowing  for  the  aggregate  influence  upon  it  of 
the  ship's  fixed  iron,  and  from  not  observing  due  care  in  keeping  moTeable  portions 
of  iron-work  from  its  vicinity.  Several  remarkable  instances  in  which,  owing  to 
want  of  precautions  of  this  kind,  the  most  lamentable  accidents  resulted,  are  quoted 
by  Captain  Johnson,  B.  N.,  in  a  very  useful  book  published  lately,  entitled  '  practical 
Illustrations  of  the  Necessity  for  ascertaining  the  Deviation  of  the  Compass/ 

The  comparative  rudeness  of  construction  of  ship's  compasses  generally  in  use  until 
within  a  very  short  period,  and  the  before-mentioned  causes  rendering  them  in  a  still 
greater  degree  unsafe  guides,  wore  some  time  since  urged  upon  the  serious  consideration 
of  GK)vemment,  and  resulted  in  the  appointment  by  the  Admiralty  of  a  Committee, 
who  were  directed  to  examine  into  the  state  of  the  comitasses  in  the  present  employ* 
ment  of  Her  M^esty's  Navy,  and  to  suggest  such  improvements  in  their  construction, 
and  directions  for  their  use,  as  would  insure  the  proper  application  of  a  correct  instru- 
ment to  the  purposes  of  Navigation. 

The  result  of  this  inquiry  has  been,  that  in  addition  to  the  binnacle  compasses, 
each  ship  of  war  is  now  ordered  to  be  famished  with  an  instrument  of  very  improved 
construction,  called  the  'Standard  Compass,*  and  fixed  upon  a  permanent  support  or 
pillar  near  the  midship  line  of  the  ship,  at  a  sufficient  height  above  the  deck  to 
permit  bearings  being  observed.  Directions  have  also  been  given,  that  before  going 
to  sea,  every  ship  shall  be  swung  with  her  hAd  successively  upon  each  of  the  thirty- 
two  points,  and  the  deviation  of  the  standard  compass  needle,  or  error  from  the 
magnetic  north,  caused  by  the  iron  of  the  ship,  determined  for  each  point ;  which 
deviation  should  be  subsequently  allowed  for  when  laying  down  the  course  :  these 
observations  are  to  be  repeated  when  the  ship  shall  have  changed  considerably  her 
geographical  position.  The  ship's  course  is  intended  to  be  invariably  directed  by  the 
Standard  compass,  and  the  corresponding  bearing  of  the  binnacle  compass  regarded 
solely  as  an  approximate  guide  to  the  helmsman.  Finally,  an  Observatory  has  been 
built,  and  placed  under  the  control  of  Captain  Johnson,  whose  duty  it  is  to  examine 
all  compasses  previously  to  being  employed,  to  superintend  the  swinging  of  the  ships, 
and  to  see  that  the  Officers  in  charge  possess  correct  tables  of  the  deviations. 


APPENDIX. 

Meinorandum  on  the  Books  to  It  kept  at  the  Magnetic  Observatories.  * 

The  books  which  will  be  required  for  registering  the  magnetic  observations  are — 
1.  A  Day-Book. — 2.  A  Term-Day  Book. — 8.  A  Miscellaneous  Begister. — 4.  An 
Abstract  Book. — 5.  A  Book  for  Curves. 

1.  Thb  Dat-Book. — The  instruments  required  to  be  observed  daily  at  the  regular 
magnetic  hours  are,  the  three  magnetometers,  the  thermometers  of  the  horiiontal  and 
vertical  force  instruments,  the  barometer  with  its  attached  thermometer,  the  dry 
and  wet  bulb  thermometers,  and  the  electrometer,  in  all  ten  (10)  in  number :  an 
observation  with  Daniell's  hygrometer  of  the  temperature  of  the  dew-point  will  be 
taken  four  times  daily,  one  at  each  of  the  magnetic  hours  nearest  to  the  times  3  and 
9  A.M.  and  r.x.  of  the  reckoning  in  mean  time  at  the  observatory  :  the  state  of  the 


*  From  '  Report  of  Rojal  Society/  1840. 
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vMthar  vill  ftUo  b«  genenll;  dMcribed  »t  tlu  ume  periodi  ■■  u«  >iaigim1  for  tfag 
obauTfttUin  of  Duuell'n  h;gToni«t«r  :  kt  tiii  mtgnetia  boon  tUi  teoonl  U  1«A  to 
the  diBorctioii  af  tbs  olurreT  :  r^^nJar  obserTkUaiu  »t  theH  Uma  An  not  raqnirad. 
The  muimoin  and  toioiaiun  of  lamperatim  uil  ndkUon  will  be  noted  one*  diilj. 

Form  Ho.  1  it  unnged  to  onntain  ■  oompIMe  Mriet  of  dailj  oliomtiou  in  one 
open  [Mge  :  the  left  luuid  oeslalDi  the  regiiter  of  the  uugnetameten,  ud  the  right- 
huul  page  lh«  met«arologie»l  regUler  :  the  headiage  of  the  terertl  eolamu  in  tlu 
Form  hare  been  entered,  ud  will  render  them  enfficientl;  intelligible  witliDDt  iortiiar 
expUnatJoo.  Tbre«  reAdingi  of  the  dedinatiaa  and  hariionl*!  foree  iulnuoenit  will 
be  taken  at  each  abeerratioii,  and  the  horiiontal  linei  correepending  to  the  timea  of 
obMriatioB  h«Te  coneeqnentlj  be«a  rated  in  tnple  eeta :  the  Gnt  and  third  leadings 
of  eaoh  Dhaerration  ehonld  be  entered  on  the  left  tide  of  the  colomu  ao  deajgnaud, 
and  on  the  fint  and  thitd  linei  of  the  aet,  and  the  aeoond  or  middle  reading  on  the 
right  hand  and  on  the  ceatra  line.  In  the  vertickl  force  inetnuaent  onl;  two  nadinga 
am  taken  at  each  obeerration,  viz.  one  of  each  end  of  the.  magnet;  thej  ma;  be 
entered  on  the  fint  and  third  Unea  of  the  aet.  The  meana  of  all  the  obeerraUooi 
■hontd  be  entered  on  the  middle  line  of  tlie  three. 

Ai  the  three  magnetometen  cannot  be  obserred  limaltaneonilT  by  the  eama 
peraon,  it  U  to  b«  eonudered  oa  a  gaoenl  role  that  thej  are  to  b«  obMrred  in  the 
order  and  at  the  timea  follaviog,  ni. 

Terticol  foroe  magnetometer,  2m.  80s.  before  the  hoar. 

Deelinalion  magnetometer,  at  tLe  hoar. 

Horiiontal  force  magnetometer,  2m.  SDa.  after  the  hoar. 

A(  it  U  intended  tliat  the  leiiee  o^ul;  obeemtione  ehall  oompriea  the  whole  of 
one  dvii  day,  aooording  to  the  nanal  Kckoning  of  time  at  each  obaerratoij,  it  will  be 
Boeeaeary  to  make  the  firrt  aet  of  obaerrationi  at  the  time  nearest  after  midni^t, 
Mrreeponding  to  one  of  the  magnetic  tontB  of  Ghtttingao  mean  time  :  thoa,  tappoaing 
the  diferenee  of  longitude,  in  time,  of  one  of  the  obaemtorics  to  be  4b.  36m.  11a. 
(n  Ih.  37m.*)  eait  of  Oottinger,  the  time  at  the  obaenatoi;  of  the  fint  dailj  obaar- 
vation  (oin  Form  No.  1)  wonld  be  12h.  S7m.  t.u.,  or  Uiiitf-««Ten  mioatea  aftor 
midnight,  and  would  oorreapond  to  the  magnetio  hoar  S  f.n.  of  the  day  preTione  at 
Oottingen  (A  in  the  Form).  The  other  obaerratioDi  of  the  magnetomen  will  ftdlow 
in  regnlar  order,  and  will  be  fourteen  (14)  in  nonber,  Inelading  that  one  taken  at 
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The  height  of  the  barometer,  and  of  its  attached  thermometer,  of  the  dry  and  wet 
bulb  thermometers,  the  temperature  of  the  dew-point,  the  electrometer,  and  the  state 
of  the  weather,  will  be  entered  in  their  proper  columns  on  the  right-hand  page^  at 
CTery  magnetic  hour,  bnt  not  at  the  other  times  of  the  triple  obaenrations.  The 
maximum  and  minimum  of  temperature  and  radiation  may  be  noted  at  the  foot  of  the 
right-hand  page,  after  the  state  of  the  weather. 

2.  Tbbx-Dat  Book.— One  day  in  each  month  has  been  set  apart  for  simnltaneons 
observations  of  the  three  magnetometers,  at  short  intenrals.  The  declination  instru- 
ment will  be  observed  every  five  (5)  minutes,  beginning  with  each  complete  hour ; 
and  the  horisontal  and  vertical  force  instruments  every  ten  (10)  minutes,  each  one 
sufloessively  in  the  middle  of  the  alternate  intervals,  between  the  observations  of  the 
declination  magnetometer  ;  one  observation  will  thus  be  taken  every  2m.  80s.,  which 
makes  twenty-four  during  each  hour,  or  576  during  the  day.  The  five  thermometers, 
the  barometer,  the  electrometer,  and  the  state  of  the  weather,  will  be  registered  at 
the  beginning  of  each  hour  only. 

The  Term  observations  will  be  registered  according  to  Form  No.  2,  in  which  each 
page  contains  the  observations  made  during  one  hour.  An  inspection  of  the  first  page 
of  the  Form,  in  which  the  headings  have  been  inserted,  will  render  the  mode  of  entry 
fiuniliar. 

The  first  observation  will  be  made  at  10  p.m. ,  Gottingen  mean  time,  of  the 
Wednesday  or  Friday  appointed,  for  which  the  corresponding  time  (to  the  nearest 
second)  at  the  observatory  must  be  calculated,  and  entered  on  the  first  set  of  lines  of 
its  proper  hour-oolumn.  The  time  at  observatory  for  each  succeeding  observation 
should  be  entered  in  a  similar  way,  and  the  whole  of  the  times  for  each  complete 
term-day,  twenty-four  pages  of  the  Form,  should  be  filled  up  previous  to  the  com- 
mencement of  the  observations,  that  no  uncertainty  may  exist  as  to  the  precise  time 
at  the  observatory  at  which  each  observation  will  have  to  be  taken,*  The  three  mag- 
netometers will  be  registered  successively,  one  under  the  other,  on  the  lines  corres- 
ponding to  their  several  times  of  observation,  as  shewn  in  the  specification  column  of 
the  Form ;  these  lines  have  been  ruled  in  sets  of  three,  for  the  same  reason  as  given  in 
the  Day-book. 

The  hourly  observations  of  the  thermometers,  the  barometers,  electrometer,  and  the 
weather,  will  be  registered  in  their  proper  columns  at  the  foot  of  each  page,  where  will 
also  be  entered  the  temperature  of  the  dew-point,  at  the  four  six-hourly  periods^  and 
the  maximum  and  minimum  of  temperature  and  radiation. 

3.  MisoiLLAvzous  BioisTUL—- This  book  will  contain  the  register  of-— 

1.  Absolute  determinations ; 

2.  Miscellaneous  observations ;  and 
8.  Bxtraordinaiy  observations. 

The  tibsoiuU  dtterminationi,  which  will  be  made  once  every  months  are  those  of  the 
dip,  declination,  and  intensity  of  the  earth's  magnetism  ;  the  magnetic  moment  of  the 
bars,  and  the  fixity  in  position  of  the  reading  telescope. 

MUceUoMout  obaervatiom  are  those  made  for  the  adjustment  of  the  magnetic  and 
astronomical  instruments  ;   of  the  changes  in  the  a^jostments;   of  the  effects  of* 
temperature  on  the  magnets  ;  of  the  latitude  and  longitude  of  the  observatory  (which 
should  be  oecasionally  repeated,  until  its  place  shall  have  been  determined  with  all  the 


*  It  will  be  found  adriMble  to  htve  one  of  the  ehronometen  set  to  GottiBgea  mean  tisM,  ud  if  it 
bftTt  a  lofiiv  nXe  it  will  b«  •till  mora  eonveaient,  u  the  hands  may  thsn  be  moved  /anoard,  to  the 
neareat  minute  of  Oott.  m.  t.  (an  operation  which  does  not  affect  ita  rate),  whenever  neceaaary. 
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aeratacT  vhleh  the  mitnimeti^  emplojed  will  sdmit  of)  ;  for  dstermiDing  tlie  tnnr, 
md  ntia;  the  chnnometoii,  &c. 

£Araoriinary  DftKrvofioiu  an  «aeh  u  will  ba  taken  wbeDerar  an  indintion  m^ 
be  made,  bj  (be  moTemcDts  of  the  nugnalometeri,  that  eaoKa  are  in  apetation  wUdi 
eierciae  a  diitnrbing  inflaence  npoa  Uie  needle.  An j  remarkable  phenomenon, — u  aa 
Aorora,  for  iustaace,  vhioh  U  known  to  eierdae  inch  inflnence,  oecnriiag  daring  aod 
diatnrbed  moTemcnta, — ahoald,  ifnotioed,  be  carefnll;  recorded. 

The  magnetometen  are  also  to  be  watched  dnring  alorma  of  thunder  or  wind,  or 
during  the  occurrence  of  an;  phenomenon  which  may  be  aiupeeted  or  coondered 
likely  to  inflnence  (be  morenienta  of  the  magnetio  needle,  aitd  their  effect,  if  any, 
ascertained  by  a  seriea  of  obaerrations,  and  registered.  'Where  no  effect  is  obaereed, 
the  same  will,  nersitiielesa,  be  noted,  and  a  memoiandam  made  of  the  time  thr)>iigh 
which  the  magnetcmetere  were  watched,  with  reference  to  the  phenomenon,  to  asosr- 
t«Jn  (be  fact.  When,  however,  after  esTeral  repes(ed  obeervatioas  during  (he  oocnt- 
rence  of  any,  the  same  kind  of  phenomenon,  aa  storms  of  wind,  for  instanee,  it 
shall  appear  that  the  nagDela  remain  nndiatnrbed,  >nch  obserrations  may  ba  dia- 
conlinned. 

The  alMre  obeerraUant  will  be  kept  separately  tar  each  month,  and  should  be  so 
anaag«d  (hat  an  easy  reference  may  be  made,  when  necessary,  to  any  indiiridual 

No  particular  form  is  necessary  for  the  misoellanscns  raster,  but  it  will  be  con- 
Tcnisnt  to  have  it  mled  with  faint  lines,  as  iu  Farm  Ho.  6. 

4.  ABSTRiDt  Boos. — A  monthly  abstract  of  the  obaerraUoni  taken  eadi  day  will 
be  made,  according  to  Fonns  Hon,  3,  4,  S,  and  6,  and  of  the  Term  obserrations 
according  to  Forma  Kos.  T,  8,  9,  and  6.  Each  of  (he  inatrumenis  registered  daUy,  at 
the  tweWe  magnetic  bonis,  will  occupy  for  the  whole  month  one  page  of  (be  abatraot, 
and  they  will  follow  each  other  iu  the  order  of  the  Day-book,  the  thennometsra 
attached  to  iostnuoenta  being  registered  on  the  same  open  page  with  them. 

The  corrected  obserrations  of  the  barometer  will  be  reduced  to  the  tempeiatnre 
S2°  Fahr.,  and  corrected  tor  capillarity ;  this  latter  conectios,  however,  on  asconnt  of 
the  siie  of  the  tubes,  is  very  small. 

The  (empetatnre  of  the  dew-point,  and  the  elasticity  of  vapour  corrcapooding  to  it, 
(which   mty  be  deduced  from   Table  No.  S  in  the  Keport),  also   (he  m 
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to  be  sent  borne,  but  not  in  the  Abstract  Book  which  remains  at  the  obsexratory,  as 
they  are  registered  in  detail  in  the  Day-book. 

The  Term-day  obeenrationB  will  be  abstracted  agreeably  to  Forms  Nos.  7,  8,  9,  and 
6,  of  which  the  first  page  is  for  the  declination  magnetometer,  the  second  for  the 
horisonta]  and  vertical  force  instruments,  page  3  for  the  hourly  observations  of  the 
meteorological  instruments,  and  page  4  for  remarks. 

The  first  page  contains  thirteen  vertical  columns,  and  is  divided  into  two  parts, 
each  containing  twelve  horisontal  lines :  the  first  column  is  for  the  minutes  of  each 
hour  in  Gottingen  mean  time,  at  which  the  observations  of  the  declination  magneto- 
meter are  made,  and  the  twelve  following  columns,  which  will  contain  the  observa- 
tions, are  designated  by  the  hours,  in  Gkttingen  mean  time  also,  in  order  as  they 
occur  on  the  Term-Day  Book.  The  upper  half  of  the  page  contains  the  first  twelve 
hours,  and  the  lower  half  the  last  twelve  hours  of  the  twenty-four,  commencing  with 
10  i*.x.  Qottingen  m.t.  of  the  day  appointed  in  the  programme.  Each  observation 
will  be  entered  in  the  hour-column  of  that  part  of  the  page  to  which  it  belongs,  and 
on  the  horizontal  line  designated  by  the  minute  of  the  hour  which  it  was  taken  : 
thus  an  observation  taken  at  the  hour  6h.  45m.  A.x.  Gottingen  m.t.  would  be  en- 
tered in  the  upper  part  of  the  page  on  the  10th  horizontal  line,  and  in  the  9th  hour- 
column.  Similarly  an  observation  taken  at  Ih.  00m.  p.m.  would  be  entered  on  the 
Ist  horizontal  line  and  on  the  4th  hour-column  of  the  loicer  part  of  the  page  :  by  this 
arrangement  one  column  in  each  part  of  the  page  contains  in  abstract  the  observations 
of  one  page  of  the  Term -Day  Book. 

The  second  page  contains  the  abstract  of  both  the  horizontal  and  vertical  force  in- 
struments, the  observations  of  each  of  which  are  taken  at  double  the  interval  of  the 
declination  instrument,  i.e.  every  ten  minutes  ;  the  former  at  2m.  SOs.,  12m.  SOs.  &c., 
and  the  latter  at  7m.  SOs .,  17m.  SOs.  &c.,  of  each  hour.  The  Form  for  both  instruments 
is  similar,  and  their  designations  dififer  only  in  the  horizontal  lines,  which  will  be 
numbered  as  above  in  each  Form,  agreeably  to  the  absolute  times  at  which  the  obser- 
vations of  each  instrument  are  made.  The  arrangement  of  the  Forms  is  similar  to 
that  of  the  declination  instrument^  excepting  that  there  are  only  six  instead  of  twelve 
horisontal  lines  in  each  part  for  each  instrument,  corresponding  with  the  number  of 
observations  per  hour  which  will  be  taken,  and  that  each  part  contains  an  extra 
line  for  abstracting  the  hourly  observations  of  the  thermometers  of  these  instru- 
ments. 

The  method  of  entry  is  similar  to  that  laid  down  for  the  declination  magnetometer  : 
the  hourly  observations  of  the  thermometer  will  be  entered  on  the  horizontal  line  at 
the  foot  of  each  part,  and  in  the  hour-column  to  which  it  belongs,  agreeably  to  the 
designation  at  the  head  of  the  part.  One  column  of  each  part  of  these  Forms  contains, 
as  above,  the  abstract  of  one  page  of  the  Term-Day  Book. 

The  manner  of  abstracting  and  entering  the  meteorological  instruments  on  Term- 
days  will  be  sufficiently  evident  from  an  iospection  of  page  3  of  the  Form.  The  means 
of  the  observations  will  be  taken  every  six  hours,  but  their  numbers  being  few,  their 
sums  will  not  be  entered.  The  state  of  the  weather  at  each  magnetic  hour  will  be 
transcribed  into  the  unoccupied  portion  of  the  page  in  those  copies  of  the  abstract 
which  are  to  be  sent  home,  but  need  not  be  entered  in  the  Abstract  Book  which  will 
remain  in  the  observatory,  having  been  registered  in  detail  in  the  Term-Day  Book. 
The  temperature  of  the  dew-point,  at  the  four  six-hourly  periods,  also  the  maximum 
and  minimum  of  temperature  and  radiation,  will  be  entered  likewise,  in  the  vacant 
part  of  this  page.  The  fourth  and  last  page,  which  is  for  remarks,  is  ruled  simply 
with  faint  lines,  according  to  Form  No.  6. 

5.  CcRTs  Book. — The  comparison  of  the  results  will  be  much  facilitated  by  pro- 
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jectiDg  them  in  onrrti ;  uid  fbr  thii  porposB  each  a1i«emtoi7  U  fonlihed  *ith  a 
Cam  Book,  tits  pages  of  which  are  printed  from  id  ongnred  pt>(«. 

A  oompArisoii  of  imlirichial  mnlta  ii  onlj  raqnired  where  it  i*  detiTed  to  tnue  tlie 
pr^rea  and  lawi  of  tha  trr^jnt/or  ehangei.  Sach  a  oompailioii,  aeeordinijy,  will 
alwBjB  be  mada  of  tho  reiolla  of  aimnltaneona  Dbterratioiii  on  Tann-daja.  It  tnsf 
alio  be  done  vhen,  on  an;  eitnordinarj  occasion,  the  progreu  of  a  diitarbanee  baa 
been  watched  at  short  inteirala. 

The  mean  rendta,  oonlabed  in  the  Honthl;  Abstract,  are, 

1.  The  daily  mtam  of  the  remits  attha  (trelra  mojrnefic  honn,  and 
S.  The  monthly  meant  coTreqrandiitg  to  each  hotw  Beparatel; : 
ths  latter  of  theae  determine  tho  lava  of  the  dinnia]  oaeillatioiis,  the  fonnerthat  of  the 
monthlj  change.  It  is  deairaUe  that  the  monthlj  remits  of  each  of  theae  series 
shonid  be  prcgectcd  in  enrrei ;  bnt  it  will  be  neccisarr,  beforehand,  to  applj  the 
corrections  for  temperatarr,  as  explained  in  the  Beport.  The  instininents  whose 
reanlts  It  ii  deairabla  to  r«oord  in  this  nuuuier  are,  the  three  magnetometer*,  the 
barometer,  the  wet  and  dr;  thermometer,  and  the  electrometer. 

The  7ons,  of  which  a  ipedmen  is  annexed,  conaisti  of  twelre  prindpal  and  two 
qnarter  compartmenla  in  length,  and  six  principal  and  two  half-compartments  in 
breadth.  Bach  compartment,  which  is  an  inch  each  wair,  ia  dirided  Into  nwirindpal 
dtTiuonk  marked  by  strong  lines,  and  these  are  again  anbdiTided  into  two  b;  bint 
lines,  BO  that  the  inch  Is  snhdiTided  into  twelre  parts  each  wa;.  This  arrangemeat 
has  been  made  to  admit  of  the  more  ess;  projection  of  Tenn-daj  enrrea,  and  hecaose 
it  is  convenient  in  aaaigning  the  Ume  valne  of  the  seals  in  the  pcojeetioa  of  cnrres 
generall;. 

The  enrrei  af  the  moMhly  mtani  comeponding  to  each  nagtittk  hour  separately 
ma;  be  lud  down  on  the  breadth  of  the  page,  each  half-compartment  comaponding 
to  the  inlerral  of  the  dailjr  obaervatians,  or  to  (im  hoari ;  each  principal  dliiiion,  i  e, 
the  interral  between  two  strong  lines,  will  represent  one  diTision  of  the  scale  in  the 
declination  and  horitontal  forte  inatramenti.  the  tenths  of  which  will  be  titimaied  sh 
ikej  are  in  making  the  obserrations.  For  the  vertical  force  magnetometer,  one 
principal  diTision  of  the  ?arm  will  represent  one  division  of  the  micrometer  head,  or 
tive  anch  diviuons  a  whole  tnm  of  the  screw.  Jnereating  eculerly  variatuxi,  or  an 
inereate  nf  force,  will  be  represented  by  tradng  the  cnrve  upwards,  during  ths  givoi 
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are  to  be  taken  shall  haye  expired.  With  a  Tiew,  howerer,  of  eomparing  the  results 
obtained  at  each  observatory,  and  for  the  purpose  of  publication,  duplicate  copies  of 
the  monthly  abstracts,  both  of  the  daily  and  term  obserTations,  and  of  the  register  of 
the  weather,  both  on  ordinary  and  on  Term-days,  will  be  required ;  and  it  is  hoped 
that  one  copy,  at  least,  of  these  documents  will  be  despatched  from  the  observatories 
regularly  every  month.  Begarding  the  second  copy,  a  particular  arrangement  will  be 
entered  into  for  their  transmission,  which  will  be  communicated  to  the  Superintendent 
of  each  observatory,  for  his  information  and  guidance. 

An  Annual  Report  should  also  be  furnished  by  the  Superintendent  of  each  observa- 
tory, noticing  all  occurrences  which  may  appear  worthy  of  special  remark,  giving  a 
general  history  of  the  proceedings  during  the  year,  and  stating  the  conclusions  which, 
in  his  opinion,  may  be  drawn  from  a  comparison  of  the  observations  of  one  month 
with  those  of  another.  It  will  be  interesting  also  to  receive  from  each  Officer,  when 
the  observatory  under  his  superintendence  shall  be  in  regular  course,  a  detail  of  the 
operations  performed  in  making  all  the  preliminary  adjustments  before  commencing  the 
series  of  observations  with  each  instrument^  and  of  the  precautions  taken  to  secure 
accuracy  in  their  results. 

rORMS  OF  THK  BOOKS. 

Note. — The  letter  a,  at  the  head  of  the  second  column  of  Form  No.  1,  represents  the 
time  nearest  after  midnight,  corresponding  to  some  one  of  the  magnetic  hours  of  Qot- 
tingen  mean  time,  and  will  always  fall  between  midnight  and  2  a.m.  of  mean  time  at 
the  observatory.  The  letter  J,  on  the  same  line  in  the  first  column,  is  that  magnetic 
hour  of  Gott.  M.T.  with  which  a  coixesponds.  The  other  letters  in  both  series  repre- 
sent the  consecutive  magnetic  hours,  or  intervals  of  two  hours  of  civil  time ;  the 
capitals  in  Qott.  m.t.  the  small  letters  in  m.t.  at  observatory.  In  the  triple  observa- 
tions the  letter  H'  represents  Ih.  50m.  p.m.  ;  H  stands  for  2  p.m.,  and  H*  for 
2h.  10m.  P.M.  Gott.  M.T. ;  and  the  letters  h\  h,  and  A",  represent  the  observatory 
times  corresponding  thereto. 

The  place  of  the  triple  observation  will  occur  in  different  parts  of  the  page  at  each 
observatory,  according  to  the  magnetic  hour  Gott.  M.T.,  which  may  be  there  repre- 
sented by  the  letter  A,  In  the  Form  this  is  supposed  to  be  midnight ;  t.  e.  the  longi- 
tude of  the  observatory  is  assumed  to  be  on  the  meridian  of  Gottingen,  an^,  conse- 
quently, the  times  A  and  a  are  similar.  The  numbers  1,  2,  3,  &c.,  inserted  in  the 
column  ^  Readings,'^  shew  the  order  in  which  the  magnetometers  are  to  be  read,  and 
represent  also  the  timti  of  those  readings  as  contained  in  the  columns  of  the  Table, 
page  8,  headed  by  similar  figures. 

The  small  letters  in  the  first  column  of  page  2,  at  the  head  of  the  twelve  columns  in 
Form  No.  3,  denote  the  same  times  as  the  like  letters  in  the  second  column  of  page  1, 
Form  No.  1. 

All  the  Forms  which  relate  to  the  observations  of  ordinary  days,  and  their  abstracts^ 
have  been  printed  in  Italics  ;  and  those  relating  to  Term-day  observations^  and  their 
abstracts,  in  Boman  type. 
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irregakr  flnctnations  and  regular  secular  changes  are  governed,  as  well  as  their 
connection  with  meteorological  phenomena,  besides  other  purposes  which  need  not 
be  here  more  alluded  to,  a  laborious  and  continued  system  of  observation  was. 
necessary  to  be  made  at  geographical  positions  selected  chiefly  for  magnetical  con- 
siderations ;  and  accordingly  a  certain  number  of  observatories  were  established  at 

om  III.  &  IV.  stations  of  primary  importance.  The  British  Qovemment  undertook  the  cost  of  four 
of  these  observatories  in  different  parts  of  our  colonial  possessions,  viz.  Canada, 
St.  Helena,  the  Cape  of  Good  Hope,  and  Van  Diemen's  Island  ;  and  the  first  three 
having  been  placed  under  the  Ordnance  department^  a  staff  of  observers  for  them 
was  chosen  from  among  the  officers  and  non-commissioned  officers  of  the  Boyal 
Artillery  :  the  observatory  at  Van  Diemen's  Island  was  intrusted  to  the  care  of  officers 
of  the  Boyal  Navy. 

We  may  now  proceed  to  give  a  brief  account  of  the  instruments  with  which  these 
observatories  were  supplied,  and  of  the  instructions  relative  to  the  observations 
required  to  be  made  with  them.  As  the  observatories  were  furnished  in  all  respects 
alike,  and  the  system  of  observation  was  not  only  completely  identical,  hut  at  simul- 
taneous times,  whatever  may  be  related  of  one  will  apply  with  equal  truth  to  the 
proceedings  of  all.     The  instruments  used  were, 

itet  I.&  IT.  !•  -4  Declinometer^  for  observing  the  regular  daily,  and  irregular  fluctuations,  as 

well  as  for  periodic  changes. 

This  instrument  consists  of  a  magnet  bar  freely  suspended  by  fibres  of  untwisted 
silk,  and  famished  either  with  a  lens  and  scale  attached  to  the  magnet,  or  with  a 
mirror  reflecting  the  scale  at  a  distance.  A  telescope  directed  through  the  lens  to  the 
scale,  in  the  first  instance,  or  to  the  mirror  which  reflects  the  scale,  in  the  second, 
enables  changes  of  very  small  amoant  to  be  at  once  noted. 

2.  The  Bifilar  Magnetometer. — As  no  method  has  yet  been  rendered  practicable 
for  observing  in  one  operation  the  changes  of  the  total  intensity  of  the  earth*s  force 
acting  in  the  direction  of  the  dip,  the  total  force  is  resolved  into  two  other  forces,  one 
acting  in  the  horizontal  plane  and  the  other  in  the  vertical  plane.  The  bifilar  mag- 
netometer was  designed  for  the  purpose  of  measuring  the  changes  of  that  part  of  the 
force  which  acts  in  the  horizontal  plane,  and  consists  of  a  magnet  bar  kept  at  right 
angles  to  the  magnetic  meridian,  suspended  by  a  double  thread  of  silver  wire,  passing 
round  a  grooved  wheel  at  its  lower  extremity  and  between  the  threads  of  a  screw  at  its 
upper  extremity,  the  diameter  of  the  wheel  and  the  interval  between  the  threads  of  the 
screw  being  accurately  known,  so  that  the  two  wires  may  be  exactly  equidistant 
throughout  their  whole  length.  Wheels  of  various  sizes  are  supplied  with  each- 
instrument,  to  be  U8e4  as  the  station  value  of  the  horizontal  force  may  require ;  it 
being  necessary  to  employ  a  wheel  of  such  dimensions  that  the  torsion  force  caused 
by  the  twisting  of  the  threads  may  exceed  the  magnetic  force  tending  to  draw  the  bar 
towards  the  meridian ;  yet  not  so  much  so  as  to  impair  the  requisite  sensibility  of  the 
instrument.  The  principle  of  the  adjustment  is  briefly  this.  After  having  selected  a 
wheel  of  suitable  diameter,  and  suspended  the  magnet,  turn  the  torsion  circle  any  num- 
ber of  degrees  (less  than  180°)  until  the  mean  position  of  the  magnet  shall  be  exactly 
90°  from  its  original  or  natural  position  in  the  meridian.  Now,  were  the  suspended 
bar  unmagnetic,  the  torsion  cii'cle  would  require  to  be  turned  only  90°  to  effect  this 
object ;  but  being  magnetic,  and  having  a  constant  tendency  to  return  towards  the 
magnetic  meridian,  the  torsion  circle  requires  to  be  moved  more  than  90°,  and  until 
the  magnet  assumes  a  position  exactly  at  right  angles  to  the  magnetic  meridian,  in 
equilibrium  between  the  force  of  torsion  and  the  magnetic  force.  It  is  evident  then, 
that  supposing  the  magnetism  of  the  bar  itself  to  remain  unvarying,  an  increaae  in  the 
horizontal  force  of  the  earth's  magnetism  will  be  shewn  by  the  magnetic  fbrce  partially 
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OTenomiiig  tiio  (oralon  force,  nad  tha  boi  sppioBchiDg  tlic  mtgnetia  meriditn ;  or,  on 
the  other  buid,  a  decrsMQ  in  the  horiioatal  force  of  tba  eorth'i  m*giietimu  by  llu 
totBioa  foioe  oTerpowecing  the  magnetic  force,  and  i]\e  btir  being  drawn  (till  more 
than  B0°  from  its  Dalnnl  poaition. 

3.  The  ehaoges  in  tba  Tertic*!  component  of  the  euth'i  magoetie  foroa  am  ob- 
aerred  bj  roeana  of  a  Baianet,  or  Vertieai  Force  Hagnttcmtia;  tbs  magost  natiog 
OD  agate  planej  bj  knife  edges  which  pasa  throngh  ita  eentre  of  gnTity.  Wen  the 
needle  unmagaatjaed,  it  would  beoame  boriiontal  on  the  agatea,  being  tralj  boUneed 
on  the  knife  edgaa  paeung  tbrongh  tha  ceotre ;  bnt  being  a  magnatie  needle^  it 
asaumea  a  poaition  of  iU  own— that  of  the  line  of  the  dip.  The  appet  end  U  then 
weighted  nntil  the  raeclianical  force  overcomes  the  magnetio  foroc^  and  the  needle 
becomci  horiionUI.  It  ia  then  in  equilibrinm  between  two  forces,  the  magnetic  forea 
nrpng  it  into  the  line  of  tlie  dip,  but  oounterlialaoeed  b;  the  weight  applied  to  the 
other  eitremit?  :  then,  the  magnetiuii  of  the  needle  being  anpposad  to  remain  oom^ 
Bl4ot  (as  in  the  initrament  last  described),  an  iucreaie  in  thfiTertical  foroeof  the  eMth 
will  be  shewn  b;  the  t«nden«]r  of  the  ceedle  to  approach  the  line  of  the  dip,  and  a 
decrease  of  the  rerUcal  force  by  the  weight  more  than  cannterbalasciog  the  magnetio 
force,  and  the  wdghted  end  sinking  below  the  boriiontal  line. 

In  the  two  laat  inatraments  it  will  hare  been  remarked  that  the  uachaDging 
maguetimn  of  the  needle  ia  easeotiul  to  the  correct  determinaUon  of  tha  earth's 
changes  of  force.  Observations,  as  usualljr  made,  oontain  (he  changes  of  both  mixed 
together,  and  it  is  neoeaiary  to  eliminate  the  changes  doe  to  the  varjing  magnetiam 
of  the  bar  before  the  true  changes  of  the  eatth  can  be  deduced. 

Magnet  bare  are  occaaionall;  liable  to  undorgo  a  gradual  diminution  of  force ;  the 
effect  of  which  it  is  necesaarj  to  take  into  acconnt  where  a  series  of  oUervationa 
extending  over  a  lengthened  period  of  time  requires  to  be  reduced ;  bnt  tor  ihott 
intervals,  as  from  hour  to  hoar,  or  da;  to  daj,  the  magneUsm  of  the  needle  ma;  be 
anppoaed  stationary  from  this  cause,  and  no  cotractJon  applied.  Bnt  there  ia  another 
causa  of  ohange  in  the  bar's  magnetism,  which  on  no  account  can  be  neglected,  -^that 
arising  Anun  a  varialioD  in  the  temperatore  of  the  metal  ainoe  the  previous  observation 
waa  made. 

The  amount  by  which  the  magnetism  of  a  needle  variea  by  a  change  of  temperature 
ia  not  (he  same  for  all,  but  niuit  be  determined  by  experiment  for  every  separate 
magnet ;  the  proceaa  of  experiment  being  simply  this.      The  magnet  whose  co- 
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introdnoed  by  imperfection  of  vorkmanship  in  tbe  axle  of  tbe  needle  may  bear  to  the 
whole  magnetic  force ;  and  thus  the  most  minute  disturbance  of  the  relative  parts  of 
the  instrument,  or  the  smaUest  irregularities  in  the  bearing  points  of  the  axle,  a£fect 
the  accuracy  of  the  obserTationa  in  a  yery  appreciable  mauner.  It  was  therefore 
desirable  that  some  mode  for  observing  the  vertical  component  should  be  employed, 
which  should  not  involve  the  principles  of  the  balance.  Br.  Lloyd  devised  an  instru- 
ment for  this  purpose,  which  he  called  the  Induction  InclinomeUr ;  it  oonsists  of  a 
magnet  suspended  horizontally,  acted  upon  by  one  or  more  soft  iron  bars  held  vertically 
in  its  vicinity.  The  iron  ban  should  be,  as  nearly  as  can  be  obtained,  devoid  of  per- 
manent magnetic  polarity  :  when  held  vertically,  they  will  become  temporary  magnets 
under  the  inducing  action  of  the  earth,  the  lower  extremities  (in  stations  of  northern 
dip)  being  north  poles,  and  the  upper  extremities  south  poles  :  accordingly,  if  one  be 
placed  upon  each  side  of  the  suspended  magnet,  [and  adjusted  in  such  a  manner  that  the 
horisontal  plane  passing  through  the  centre  of  the  magnet  shall  likewise  pass  through 
the  upper  end  of  one  iron  bar  and  the  lower  end  of  the  other,  the  magnet  will  be  acted 
upon  by  a  north  pole  on  one  side  and  by  a  south  pole  on  the  other,  and  under  their 
combined  effect  will  be  deflected  a  certain  amount ;  the  defleotbg  force  being  that  of 
the  vertical  component  of  the  earth  acting  by  induction  on  the  iron  bars,  while  the 
opposing  force  is  that  of  the  horisontal  component  acting  directly  upon  the  magnet  to 
bring  it  back  into  the  magnetic  meridian.  Thus  the  magnet  will  take  up  a  position  of 
equilibrium  between  these  two  forces,  and  a  movement  from  its  mean  position,  from 
which  the  effect  due  to  any  changes  of  horisontal  intensity  has  been  eliminated,  will  be 
that  which  is  due  to  the  change  of  the  vertical  intensity  of  the  earth's  magnetic  force. 
A  variation  of  temperature  has  a  slight  effect  upon  the  induced  magnetism  of  these 
soft  iron  bars,  but  in  a  much  smaller  degree  than  upon  the  permanent  magnetism  of 
hardened  steel  magnets.  The  co-efficient  of  temperature  for  the  bars  of  each  instru- 
ment must^  however,  be  experimentally  determined,  the  process  being  conducted  in 
the  following  manner. 

Surround  the  iron  bars  with  water-tight  cylindrical  cases,  made  of  wood  or  copper, 
soldered  on  to  the  arms  which  hold  the  bars,  in  such  a  way  that  they  appear  in  the 
centre  of  each  case,  with  space  enough  around  them  to  enable  the  oases  to  contain  a 
sufficient  quantity  of  water  to  preserve  an  equable  moderate  temperature  for  a  short 
time. 

Adjust  the  instrument  as  for  observation  in  the  usual  manner ;  fill  both  cylinders, 
first  with  warm  water  and  then  with  cold  ;  the  two  temperatures  being  the  extremes 
to  which  the  bars  may  be  liable  when  required  for  observation. 

At  each  alternation^  note  the  reading  of  the  magnet  scale  and  of  the  thermometer, 
when  it  will  be  found  that  the  change  of  a  certain  number  of  degrees  of  temperature 
of  the  bars  produces  a  certain  amount  of  change  in  the  magnetometer  reading. 

The  induction  inclinometer  concludes  tho  list  of  d{ifermtial  magnetical  instrumenii 
required  for  the  equipment  of  an  observatory  :  their  use,  as  will  have  have  been 
remarked,  is  that  of  shewing  continuously  the  change*  which  occur  in  each  element. 
Instruments  of  a  different  description  are  necessary  for  determining  the  ab§olfUe  values 
of  the  same  elements. 

For  the  absolute  declination,  a  magnetometer  essentially  unlike  the  differential 
apparatus  is  not  required  ;  as,  supposing  the  magnet  in  the  latter  to  be  provided  wHh 
an  attached  lens  and  scale,  in  the  prolongation  of  which  a  theodolite  is  placed,  the 
angle  observed  between  the  reading  of  the  horizontal  circle  of  the  theodolite,  when 
referred  to  the  scale  of  the  magnet  and  to  a  distant  object  whose  bearing  with  the 
astronomical  meridian  is  known,  corrected  for  the  difference  between  the  2ero  point 
of  the  magnetic  acale  and  the  point  at  that  moment  on  the  vertical  wire  of  the  tele- 
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■CH^.  «Ut  b«  lb«  atwtalc  dcdiiutioD.  The  ten  pm»t  ii  the  point  of  the  acale 
cOTTWpobliBy  to  At  mgDclic  Biii  of  the  needle,  and  ii  •  netn  of  two  nadlsgi  found 
b*  nO—nlin  t&*  migB«^  finl  in  iti  dtreet  or  vBatl  position,  and  ■eoondlf  in  that 
piMtiuB  iBWiMd  :  frorinw  ii  nude  fiir  Meampliihtng  this  in  the  oonitmetioQ  of  the 


TW  other  ■laolata  deterauDationa  reqnired  ate  thoee  of  the  magnetie  force  aod  of 
IW  ilinetiMi  in  which  tbe  fone  acts.  Ko  method  has  yet  been  derised  Ibr  determining 
<)H  altfotati  total  fbree  b;  one  opeiatioa  ;  the  usual  mode  being  to  ofatore,  1st,  the 
tgifk  vl  indination  of  the  needle,  or  the  direction  of  the  force  i  and,  Sndlf,  its 
tMrisoatal  eooponent :  then  the  boriiontal  force,  mnltiplied  bj  the  tteant  at  tha 
iadiDaliun,  will  be  eqnal  to  tho  total  fcrce  ;  or,  multiplied  by  the  tangent  of  tbe 
iDOlinatioD,  eqnal  to  the  Tertical  force.  At  itations  of  high  iniignetie  latitude  a  rery 
S»all  emr  in  the  determinationi  of  lie  inclination  will  occasion  great  error  in  the 
dedaosd  tains  of  the  total  force,  for  the  secants  of  angles  of  an  amount  approaehing 
W'  inorease  in  a  rery  rapid  ratio  ;  so  that  in  eilreme  cases  this  method  of  obtaining 
the  total  Ibree  becomes  quite  inapplicable. 

Dr.  Lloyd  has  lalsly  snggested  an  instrament  for  determining  the  total  fora  in  bigh 
latitadea  in  which  the  angle  of  inclination  is  not  included  as  no  element  of  calculation, 
Uis  relatire  aocnncj  of  whoso  reanlts  increases  indefinitely  u  the  inclinaUon  of  90*  it 
approached  :  this  method  is  consequently  to  be  preferred  where  die  angts  of  inclination 
is  of  large  amount ;  bnt  in  ordinary  instances  the  total  force  will  be  better  obtained  hj 
a  UtUrmioaUon  of  the  horiiontal  component  and  of  the  inclination. 

Ths  dip,  or  angle  of  inclination  is  determined  by  means  of  an  instrument  ealle<l  an 
ImctinomeltT,  which  conBists  of  ■  diyided  circle  fiied  TBrtically  npon  a  horiiontal 
oirole  moreable  npon  the  axis  of  the  hue  :  the  needle,  ihoee  length  equals  the 
diameter  of  ths  vertical  circle,  is  suspended  npon  two  sgato  planes  by  axles  which 
past  through  the  centre  of  gnvity,  and  are  perpendicular  to  the  &ces  of  Ae  needle  : 
the  needle,  when  unmagnetised,  will  Uicn,  if  truly  balance<l,  trarene  roand  llie  drclc 
and  remain  in  any  position  which  ma;  be  desired.  Tbe  mode  of  obeerrstioa  is  as 
follows  :  the  instrnment  being  correctly  levelled,  magnetiae  the  needle  by  passing  two 
bar  magnets,  held  one  in  each  band  (the  north  pole  of  one  and  the  south  pole  of  the 
oilier  downwards)  otct  each  face,  beginning  from  the  centre  and  drawing  tbem  orer 
tbe  ends ;  repeat  this  about  ten  Umes,  and  the  needle  will  hace  acqmred  soSdent 
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square  of  tLe  time  of  the  same,  observed  under  similar  circumstances  at  another 
station,  is  in  the  inverse  proportion  of  the  horizontal  intensity  of  the  first  station  to 
that  of  the  second  :  it  is  manifest,  then,  that  the  relative  proportion  of  the  horizontal 
intensity  at  any  number  of  stations  may  be  obtained  by  vibrating  the  same  needle  at 
each.  These  observations  are,  however,  only  relative,  and  dependent  upon  the  indi- 
vldoal  properties  of  the  magnet  itself;  or,  in  other  words,  the  result  will  be  an 
expression  in  which  the  horizontal  force  of  the  earth  b  combined  with  the  magnetism 
of  the  needle.  If  we  then  can  ascertain  the  ratio  that  one  of  these  bears  to  the  other, 
we  shall  have  two  equations  in  which  each  is  an  unknown  quantity  capable  of 
elimination,  and  consequently  the  horizontal  force  of  the  eai-th  may  be  determined  in 
absolute  measure.  The  ratio  just  spoken  of  is  found  by  using  the  magnet  employed 
in  the  vibrations,  to  deflect  a  second  magnet  suspended  in  another  magnetometer,  and 
observing  the  amount  of  deflection  produced  ;  then,  one-half  of  the  cube  of  the  distance 
at  which  the  centre  of  the  deflecting  magnet  is  placed,  multiplied  by  the  sine  *  of  the 
angle  of  deflection,  is  to  unity,  as  the  magnetic  moment  of  the  deflecting  magnet  is  to 
the  horizontal  force  of  the  earth ;  which  is  the  ratio  required.  By  the  experimf^nts 
of  vibration  we  obtain  the  product  of  the  needless  magnetic  moment  and  the  horizontal 
intensity ;  and  by  the  experiments  of  the  deflection  we  obtain  the  ratio  of  the  same 
quantities,  from  which  either  may  be  eliminated  separately. 

By  the  employment  of  the  instruments  now  mentioned,  an  observatoij  will  be  fully 
equipped  for  determining  each  magnetic  element  in  absolute  measure,  and  for 
observing  the  periodic  and  secular  changes  over  any  space  of  time  it  may  be  wished 
to  keep  the  instruments  in  use. 

Besides  these  magnetical  instruments,  the  colonial  observatories  were  furnished  with 
a  complete  set  of  Metereological  Instruments,  comprising  Standard  and  Mountain 
Barometers,  Standard,  Wet  and  Dry,  Solar  and  Terrestrial  Radiation  Thermometers, 
Hygrometers,  Anemometers,  and  Rain-Gauges.  The  indications  of  these,  as  well  as 
remarks  upon  the  weather,  are  registered  at  stated  periods,  in  conjunction  with  the 
magnetical  observations. 

We  have  already  remarked  the  fact,  that  the  direction  of  the  magnetic  force  and  its 
intensity  vary  as  the  observer  changes  his  geographical  i>05ition  ;  and  also  that 
these  themselves,  at  any  particular  station,  are  liable  to  changes,  whether  secular,  as 
from  year  to  year,  periodic,  as  depending  upon  the  time  of  year  or  the  hour  of  the 
day,  or  irregular,  from  extraneous  causes  known  or  unknown ;  and,  firstly,  we 
proceed  to  notice  the  changes  found  in  the  magnetic  elements  by  an  observer  altering 
his  geographical  position,  or,  in  other  words,  the  representation  of  the  distribution  of 
magnetism  over  the  surface  of  the  earth. 

The  distribution  of  the  earth's  magnetism  is  represented  by  means  of  maps  or 
charts  containing  systems  of  curves  drawn  through  all  the  points  where  the  value  of 
each  element  respectively  is  of  equal  amount :  thus,  a  map  of  the  magnetic  declination 
will  represent  a  scries  of  curves  drawn  through  all  the  points  where  the  declination  or 
variation  is  equal :  these  are  called  itoconic  lines,  or  lines  of  equal  declination.  A  map 
of  the  magnetic  inclination  will  represent  curves  drawn  through  all  the  points  where 
the  inclination  or  dip  is  equal :  these  are  called  isoclinal  lines,  or  lines  of  equal  inclina- 
tion. And,  in  like  manner,  a  map  of  the  magnetic  intensity  will  represent  curves 
drawn  through  all  the  points  where  the  intensity  is  of  equal  amount :  these  are  called 
isodynamic  lines,  or  lines  of  equal  intensity. 

The  magnetic  direction,  as  has  been  already  stated,   must  be  resolved  into  two 


*  When  the  (wo  magnets  are  placed  at  right  angles  to  each  ether,  the  sinri  are  cmplojed;  bat 
when  the  deflecting  ongnet  it  kept  at  right  anglct  to  the  uurUian,  the  taogenta  are  taken. 
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«t«menU, — tbe  ttenatian  from  the  utronomioil  mcridisn,  mewmrtd  on  >  boriamtal 
pUoe,  &Dd  the  uigU  which  the  needle  fomu  with  the  hDriion,  meunnd  on  a  nrtiekl 
pUna. 

The  dcTJation  from  the  utroDomicitl  meridian  0*1^It  eitlled  the  'tlecliii>|ji»,' 
but  tnore  genenUlj  kaairn  na  the  '7&riation  of  tie  eompitsB,')  is  the  element  wfaldi, 
from  ita  practical  lue,  hiiS  natnnll;  eicitcd  tlie  grenteit  general  attention.  It  !■  not 
neeeBsar;  here  to  enter  into  the  hiBlocj  ot  the  diacoreriea  of  the  propertiet  of  the 
ma^eUe  needle  :  suffice  it  to  eay,  that  the  knowledge  that  the  needle  did  not  point 
tnil;  north, —ucondly,  that  the  deiiation  from  the  north  wai  not  the  amein  difiertnt 
localities, — and,  thirdly,  that  the  derlalions,  whataoever  they  might  be,  were  liable  to 
continual  change,— are  all  of  twent  dale,  compared  with  the  disBovety  of  the  magnet 
itself. 

The  firat  attempt  to  form  a  rariation  chart  waa  made  by  Alonio  de  Santa  Crat,  in 
1S30.*  One  hundred  and  fifty  years  later,  Dr.  Bailey's  theory  of  magnetism  engagsd 
so  ranch  ntienUon,  that  a  ship  was  granted  him  to  seek  by  observation  the  TariaUon 
of  the  compeaa  in  different  parts  of  the  world.  He  performed  two  Toyagcs,  one  in 
lfl9S  and  the  other  in  1699,  and  sDceeeded  in  obtaining  eo  many  Talnable  obserratlon^ 
that,  on  hismturn,  he  was  enabled  to  construct  a  chart  shewing  the  conr^of  theenrtee 
of  eqnal  variation,  0*,  5°,  JO*,  &o.  This  work  eieited  great  interest,  from  bring  the 
result  of  personal  obeerratlon  ;  and  it  waa  the  first  that  had  yet  been  given  to  the  world 
which  eonld  lay  any  claim  lo  completeness  or  accuracy.  It  won,  however,  became  of 
little  use  for  pnwUcal  pniposes,  on  account  of  the  changes  the  declination  was  con- 
stantly nndergoing ;  and  half  a.  century  lator,  another  chart  was  constructed  from  the 
records  of  varioas  Haval  Officers :  this  lasted  until  about  the  ye^r  1787,  when  a  chart 
constructed  by  Hansteen  was  published.  Barlow  published  another  in  183S.  Since 
that  apparently  recent  period,  increased  aoqaaintanee  with  magnetism  haa  snggcsted 
Kreat  improvements  b  the  construction  of  instruments,  which  have  been  ao  actively 
employed  in  making  observations,  that  the  eonntry  is  now  In  posaeasiun  of  ample  data 
for  Ibc  fonualjon  of  correct  magnetic  charts  of  the  greater  part  of  the  ocean.  These, 
when  completed,  will  bear  a  value  mnch  beyond  any  of  those  that  have  hitherto 
appeared,  from  being  based  upon  direct  ohserration  alone,  apart  from  theory,  and  with 
the  employment  of  iDBtmmenU  incomparably  superior  to  those  ot  older  conitinction, 
and  also  becaose  the  results  have  been  cakolated,  having  regard  to  certain  corrections 
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nerer  reqaire  fiirther  consideration  :  snoh  is  far  ^m  being  the  oase.  In  the  first 
place,  obserrations  seyeral  times  repeated  in  the  same  locality  are  necessary  to  deter- 
mine tlie  amount  of  tlie  secular  cbange,  when  constant ;  bnt  it  is  well  known  that  in 
many  stations  the  secular  change  is  not  constant ;  and  in  such  cases  obserrations  will 
require  to  be  frequently  repeated  from  time  to  time  at  these  stations,  to  be  used  in  the 
constcuction  of  new  tables  of  the  secular  change  per  annum ;  and  further,  we  have 
reason  to  hope  that  future  observations  will  bear  a  higher  intrinsic  Talue  than  many 
that  have  been  necessarily  made  use  of  in  the  charts  now  published :  these  obserrations, 
when  made,  will  afford  valuable  verification  of  the  normal  values  here  employed. 

A  declination  chart,  however,  iucludes  but  one  element  for  a  perfect  representation 
of  the  magnetic  phenomena  :  projections  of  the  inclination  and  intensity  are  equally 
essential,  together  with  tables  by  which  we  may  be  enabled  to  assign,  with  some  de- 
gree of  approximation,  the  values  for  either  a  former  or  future  period.  The  comple- 
tion of  the  Declination  Charts  of  the  Atlantic  is  one  great  step  in  contribution  ;  but  it 
is  evident  that  there  is  still  an  extensive  field  for  the  labours  of  those  interested  in  the 
knowlerlge  of  the  laws  of  the  distribution  of  terrestrial  magnetism. 

Of  late  years  a  thorough  investigation  into  the  laws  of  magnetism  has  been 
attempted,  in  which  scientific  men  of  all  nations  have  employed  themselves.  The 
colonial  observatories  established  by  the  British  Government  have  already  been  alluded 
to  :  besides  these,  there  are,  in  connection  with  Great  Britain,  a  magnetical  observa- 
tory at  Greenwich,  under  the  direction  of  the  Astronomer  Royal ;  one  at  Dublin, 
established  and  conducted  at  the  expense  of  the  University  of  Trinity  college,  under 
the  superintendence  of  Professor  Lloyd  :  and  the  Makerstown  observatory  at  Kelso^  in 
Scotland,  supported  at  the  private  cost  of  General  Sir  Thomas  Makdougall  Brisbane, 
Bart.  ;  the  magnetic  observatories  at  Madras,  Singapore,  Simla,  and  Trevandrum,  at 
the  expense  of  the  East  India  Company;  at  St.  Petersburg,  Catherinenbourg, 
Bamaoul,  Nertchinsk,  Sitka,  and  Tiflis,  supported  by  the  Russian  Government,  which, 
ever  alive  in  the  cause  of  science,  has  also  furnished  the  Russian  mission  at  Pekin  with 
magnetical  instruments  ;  observatories  at  G^ttingen,  Milan,  Munich,  Prague,  kc. 

In  addition  to  the  fixed  observatories,  expeditions,  sometimes  specially  undertaken 
for  magnetical  observations,  sometimes  in  conjunction  with  hydrographical  surveys 
or  exploring  parties,  chiefly  commanded  by  oflScers  of  the  British  Navy,  have  been 
extended  over  almost  every  part  of  the  globe,  however  remote  or  difficult  of  access. 
Some  of  these  have  returned,  and  the  observations  made  by  them  have  been  pub- 
lished ;  some  are  still  absent.  Among  the  former  class  may  be  named  the  antarctic 
expeditiqp  of  1839 — 1843,  under  the  command  of  Sir  James  Clark  Ross;  the  expe- 
dition of  Lieut.  Aroore,  R.N.,  and  Lieut.  Clerk,  R.A.,  in  high  southern  latitudes, 
in  1845  ;  Lieut.  Moore,  R.N.,  to  Hudson's  Bay,  &c.  Among  the  latter  class  must 
be  reckoned  the  Arctic  expedition  under  the  late  lamented  Sir  John  Franklin, 
partially  supplied  by  those  sent  after  him. 

From  these  sources  our  knowledge  of  the  existing  phenomena  of  the  earth's  mag- 
netism may  be  expected  to  receive  considerable  increase,  and  possibly  may  lead  to 
some  elucidation  of  the  physical  causes  which  produce  the  phenomena,  whether  their 
origin  be  sought  for  in  the  mass  of  the  earth  itself,  being  the  resulting  action  of  all  its 
magnetised  particles,  or,  as  has  been  conjectured,  that  the  phenomena  are  due  to 
electric  causes  on  the  earth's  surface,  produced  by  the  sun,  the  ''source  of  all  living 
activity." 

Though  science  has  failed  to  throw  any  light  upon  the  causes  to  which  the  mag- 
netical phenomena  owe  their  existence,  observation  has  very  generally  borne  out  one 
at  least  of  tho  theories  proposed  by  the  many  philosophers  who  have  made  magnetism 
their  study,  respecting  the  laws  of  the  distribution  of  the  phenomena.    It  is  to  onr 
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emioeDt  eoDutrjmaa  HftUey  that  we  a««  the  anggeitioii,  fiist  propoonded  in  1683^  of 
the  eiUlCDce  of  four  gnreniiiig  ceatrcs  of  magnetio  intaiuitj.  So  little  cradcnc* 
appean,  howeTer,  tob«T«  been  gJTen  to  lliii  h;rpath«aiH,  it  it  itated,*  th&t  up  to  "the 
eoDuneiuiemeDt  of  the  praaent  century,  ths  bare  fnct  of  there  being  anj  diSmnoe 
nhatsoerer  in  the  inteositj  of  the  magoetic  force  at  differeiit  plrt*  of  the  Mtftli'a 
Burfiue  vea  unattested  b;  t,  single  pnbliebeJ  obBeivntioo."  Some  jean  later,  M.  Han- 
Bteen  undertook  to  examine  the  nugDetieal  obsei-vatiouB  that  hid  been  inula  in  ragioni 
of  high  latitude,  and  concluded  "that  Dr.  Halley  waa  the  Grat  penon  to  diaoorer  tlw 
true  maguetio  arrangeiaent  of  the  globe,  and  tliat  Lie  deductions  were  fully  aa  preciie 
ai  the  obseiTBtions  miide  in  his  time  permitted."  M.  HiLosteen  proceeded  to  oelleet 
all  the  magneUe  obaerratious  that  hid  )>eeu  made  fraia  the  earliest  periods.  His 
tables  extended  to  iLe  year  1S17  ;  aud  after  subjecting  tbem  to  a  close  examination, 
he  was  enabled  to  prove  the  existence  of  a  centre  or  focne  of  mailmum  intensity  in  the 
north  of  America  ;  of  a  second  centre,  though  not  so  poirerful,  in  the  north  of  Kbeiia ; 
and  of  two  corresponding  foci,  of  unequal  forces,  in  the  aouthem  bemisphers  :  he  wu 
also  enabled  to  assign  approiimitely  the  geographical  position  of  each.  That  the  data 
were  insufficient  for  the  more  correct  determinations  of  their  positiona,  may  lie  inferred 
from  the  remaikable  fact,  that  at  this  time  no  obserrations  had  been  made  nearer  the 
Siberian  pole,  than  Berlin  on  the  one  aide,  and  Mexico  on  the  other,  f  Theory  having 
thoB  pointed  to  the  field  requiring  the  kboan  of  the  experimentalist,  subscqaent 
abserration  has  with  some  exactness  shown  not  only  the  localitli^  of  these  four  lod  or 
MDtrea  of  intensity,  bnt  the  reiatire  nnmtiere  expressing  at  each  the  force  of  the 
magnetio  attraction.  The  Etronger  focus  of  icteniity  in  the  northern  hesusphere  has 
beendeduoed,  from  obsenations  made  in  1S4J— 1814,  by  Captain  Lefroy,  of  the  Koyol 
Artillery,  to  be  in  52°  H,  lat.  and  92'  W.  long. ;  its  value  is  14-2  :  the  weaker  focus 
was  determined  by  MM.  Hanstecn,  Brman,  and  Due,  to  be  in  the  north  of  Siberia, 
and  about  120°  B.  long.,  with  a  value  of  133.  The  stronger  focus  of  inlennty  in  Xbt 
SOntheni  hemisphere  is  shown  to  be  in  lat.  60°  19'  and  long,  131°  20',  from  obaerra- 
tions  made  by  Sir  James  Clark  Koaa,  during  hie  late  expedition  in  the  southern  aeaa, 
and  to  have  an  approximate  Talus  uf  15'(i ;  while  observations  during  tlie  lame  ei- 
pedition  render  it  probable  that  the  ralue  at  the  weaker  focua  is  14'9  nearly,  Iha 
higher  Tnlsea  in  the  soathern  hemisphere  being  probably  owing  to  the  fact  that  tiiese 
fooi  are  closer  together  than  the  two  in  the  northern  heiuisphere  ;  though  obeerration 
LiaLle  tlicir  poaJtion  tn  iig  afi-igncd  very  accuratt-ly.      Kob 
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In  taking  transits  of  the  moon,  the  lominons  edge  alone  can  be  obaeired,  from  which 
the  time  of  transit  of  the  centre  must  be  deduced  by  the  aid  of  Lunar  tables. 

In  obserring  the  larger  planets,  one  limb  may  be  obeenred  at  the  first,  third,  and 
fifth  wires,  and  the  other  at  the  second  and  fourth,  and  the  mean  of  these  obserYations 
will  gire  the  transit  of  the  planet*s  centre. 

It  will  sometimes  happen  that  from  the  state  of  weather,  or  from  some  other  cause, 
a  heavenly  body  may  not  have  been  obserred  at  all  the  wires  ;  but  if  the  declination 
of  the  body  be  known,  an  obeenration  at  any  one  of  the  wires  may  be  reduced  to  the 
central  wire,  so  as  to  give  the  time  of  transit,  as  deduced  from  this  obserration.  If 
an  obserration  be  obtained  at  more  than  one  wire,  the  mean  of  the  times  of  pasnng 
the  centre,  as  deduced  from  each  wire  observed,  is  to  be  taken  as  the  time  of  transit. 
The  reduction  to  the  centre  wire  is  given  by  the  formula 

R  ~  V  cosec.  »,  or  log.  R  =  log.  V  +  log.  cosee.  » ; 

in  which  R  represents  the  Reduction,  v  the  polar  distance  of  the  body  observed,  and 
V  the  equatorial  interval  from  the  wire,  at  which  the  observatbn  has  been  made,  to 
the  central  wire.  The  equatorial  intervals  for  each  side  wire  must,  therefore,  be 
carefully  observed,  and  tabulated  for  the  purpose  of  this  reduction.  The  formula 
R  =  y  cosec  V  is  only  an  approximate  value  of  the  reduction,  and  wiUi  large  instru- 
ments capable  of  giving  results  within  C'OS,  a  farther  correction  is  necessary  for 
bodies  within  10**  of  the  pole.  The  whole  reduction  in  this  case  is  given  by  the 
formula 

R'  =  ^'j  sin.^  15  V  cosec.  ir. 

The  time  of  any  starts  passage  from  one  of  the  side  wires  to  the  centre  wire  being 
observed,  the  equatorial  interval  from  that  wire  to  the  centre  is  obtained  by  multi- 
plying the  observed  interval  by  the  sine  of  the  star's  polar  distance  ;  and  the  equa- 
torial intervals  being  deduced  in  this  manner  from  a  great  many  stars,  the  mean  of 
the  results  may  be  considered  as  very  correct  values  of  the  equatorial  intervals 
required.     No  star  very  near  the  pole  should,  however,  be  taken  for  this  purpose. 

Use  of  the  portable  transit. — The  large  transits  in  permanent  observatories  are  used 
to  obtain,  with  the  greatest  possible  accuracy,  the  right  ascensions  of  the  heavenly 
bodies,  from'  which,  and  the  meridian  altitudes  observed  by  a  mural  circle,  an  instru- 
ment consisting  of  a  telescope  attached  to  a  large  circle,  and  placed  in  the  plane  of  the 
meridian,  nearly  all  the  data  necessary  for  every  astronomical  computation  are 
obtained.  For  such  purposes  the  small  portable  transit  is  not  adapted ;  but  it  is 
competent  to  deteimine  the  time  to  an  accuracy  of  half  a  second,  to  determine  the 
longitude  by  observations  of  the  moon  and  moon  culminating  stars,  and  to  determine 
the  latitude  by  placing  it  at  right  angles  to  the  meridian,  or  in  the  plane  of  the 
prime  vertical.* 

The  transit  of  the  sun*s  centre  gives  the  apparent  noon  at  the  place  of  observation, 
and  the  mean  time  at  apparent  noon  is  found  by  subtracting  or  adding  the  equation 
of  time,  as  found  in  the  Nautical  Almanac,  to  24  hours. f  The  difierence  between 
the  mean  time,  thus  found,  and  the  time  of  the  sun*s  transit,  as  shewn  by  a  dock  or 


*  The  prime  Tertieal  it  the  great  circle  which  paasea  through  the  zenith  and  the  east  and  weat 
pointa  of  the  horiaon. 

t  The  aatronomical  day  comtnencea  at  noon^  and  eontaina  34  hoara^  the  hoora  after  midnight 
being  nailed  l8,  t4,  &r.,  and  the  day  enda  at  the  next  noon.  The  equation  of  tioM  ia  given  in  the 
Nautical  Almanac  for  apparent  noon  at  the  meridian  of  Greenwich,  aod  the  eonreetion  to  give  the 
equation  of  time  at  any  other  meridian  will  be  found  by  mnltiplying  the  dillerenet  for  one  hour,  aa 
gifen  in  the  almanac,  by  the  longitude  of  the  place,  eatimated  in  Ume. 
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WTOT  of  the  slock  or  cliTonomeUr  for  mnn  t 


chrononieter,  ii  the  mtot  of  the  slock  or  cliTonomeUr  for  mnn  time  at-  th*  p 
obserT&Uoii, 

The  lime  alien  bj  a  lideml  dock  when  anj  baavonljr  body  croBsei 
■hoold  coiacide  with  th*  right  lanenaion  of  th<t  body,  u  giTen  in  (he  H»iitle*l 
Atmuiac  The  diflereace  between  the  time  alievD  b;  the  ndereal  elook,  at  lb*  tlud^ 
and  tbe  right  uceouon  of  the  bodj,  taken  from  the  almanao,  will,  thenfon,  be  the 
Brnir  of  tba  dock,  + ,  or  too  bit,  when  the  clook  time  li  greater  than  the  light 
aaceniion,  —  ,  or  too  ilow,  when  it  ii  Ioeb. 

Th«  PortaUe  AUUud*  and  AiimiUh  Jit*triimiiU.—Tbt  bending  of  an  nnbnMd 
a  renders  it  unfit  for  the  determination  of  altitodea ;  bat  bj  plamng  the 
teUeMpo  betweea  tvo  drdea  biarMil 
toeetlier,  an iiurtfumeQtnia;l>e fanned 
cnpnblc  o(  oliBervini;  Imth  the  meridiflQ 
nltitndea  ond  timoa  of  timiBit  of  the 
hcBienl;  bodice.  The  ineituad  weight 
of  the  InslrumenI,  bowevtr,  mmt  now 
be  prcienlpd  from  prodndng  Heiuie 
in  the  hoiiioutal  UIi^  nod  thia  has 
been  Toiy  ingeuioaily  aecuoipliahL'd 
by  Trough  ton.  By  moantitig  the 
tiansit  and  altitode  instrument,  u 
Trooehtflu'B  trans  it- circle  may  be 
called,  npou  a  horiioalal  plate  or 
uirclo  iiiiyiog  an  uiinuthal  motion 
roand  a  Tertical  axis,  nn  instramcnt 
is  fonacd  b;  vbieh  oliecrrnUonB  may 
be  made  either  iu  or  oat  of  tlie 
Dieridian.  Vi'hcn  CDDitnicled  of  a 
portabtc  die,  Ibe  allllnde  luid  aii- 
mutL  iustiament  may  also  be  used  in 
importftnt  sorvejing  Dpemtions ;  f  n, 
in  fast,  It  mny  be  cuncidered  ae  n 
rathiT    I'lrge  thcudulito  of   suji«ri'''r 
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aaimaih  circle  Are  attached  to  the  reTol?iDg  plate  Y  Y,  vhich  alio  carries  two  upright 
pillars.  From  the  centre  of  the  upper  horizontal  plate,  Y  Y,  rises  a  hollow  brass 
oone  which  just  fits  orer  and  moves  smoothly  upon  the  solid  metallic  yertieal  axis 
rising  from  the  tripod  stand.  A  horixontal  faraoe  connects  the  two  upright  pillars 
with  one  another  and  with  the  top  of  the  hollow  brass  cone,  and  keeps  the  pillars  firm 
and  parallel  to  one  another.  On  the  top  of  each  pillar  a  gibbet  lueoe  is  fixed,  pro- 
jecting beyond  the  pillars,  and  upon  the  extreme  ends  of  these  pieces  are  carried 
the  T*s  for  supporting  the  pivots  of  the  horisontal,  or  transit  axis.  The  t*8  ai*e  each 
capable  of  being  raised  or  lowered  by  turning  a  milled-headed  screw.  The  top  of  one 
of  the  pillars  carries  a  cross  piece  for  supporting  the  two  reading  miorosoopea  of  the 
Tcrtical  circle  ;  and  to  this  cross  piece  is  attached  the  level  L  L,  by  which  the  adjust- 
ment of  the  vertical  axis  is  denoted. 

The  third  portion  of  the  instrument  consists  of  the  vertical  circle  and  its  telescope. 
This  circle  consists  of  two  limbs  firmly  braced  together,  and  preventing  any  tendency 
to  floxure  in  the  tube  of  the  telescope,  by  affording  it  support  at  the  opposite  ends  of  a 
diameter.  One  of  the  limbs  only  is  graduated,  and  the  graduated  side  is  called  the 
face  of  the  instrument,  and  the  clamp  and  tangent  screw,  for  giving  a  slow  motion  to 
the  vertical  circle,  act  upon  the  uograduated  limb,  and  are  fixed  to  the  vertical  pillar 
on  the  side  of  that  limb.  The  horisontal  axis  whidi  supports  the  telescope  and 
vertical  circle  is  constructed  exactly  as  the  axis  of  the  transit  instrument ;  but  as  it 
might  press  too  heavily  on  the  t's  from  the  increased  load  of  the  vertical  circle,  a 
spind  spring,  fixed  in  the  body  of  each  pillar,  presses  up  a  friction  roller  against  the 
conical  axis  with  a  force  which  is  nearly  a  counterpoise  to  its  weight.  The  adjustment 
of  the  horizontal  axis  is  denoted  by  a  striding  level,  as  in  the  portable  transit. 


ADJUSTMBKia. 

Adjudment$  of  the  vertical  axU. — Turn  the  instrument  round  till  the  level,  L  L, 
is  over  two  of  the  foot-screws,  and  adjust  the  level,  so  that  its  bubble  may  retain  the 
same  position,  when  the  instrument  is  turned  half-round,  so  that  the  level  is  again 
over  the  same  foot-screws,  but  in  the  reverse  position.  The  error  at  each  trial  is 
corrected,  as  nearly  as  can  be  judged,  half  by  the  foot-screws,  and  half  by  the 
adjusting  screw  of  the  level  itselt 

Next  turn  the  instrument  round  90"  in  azimuth,  so  that  the  level,  L  L^  may  be  at  right 
angles  to  its  former  positions,  and  bring  the  bubble  to  the  same  position  as  before,  by 
turning  the  third  foot-screw.    Bepeat  the  whole  operation  till  the  result  is  satisfactory. 

Adjuttment  of  the  horwmtcU  cms.— This  adjustment  is  performed  in  the  same 
manner,  as  already  described  for  the  transit  instrument,  with  the  single  exception  that 
one  end  of  the  axis  is  to  be  raised  or  lowered,  if  necessary,  by  the  screw  acting  upon 
its  T,  and  not  by  moving  a  foot-screw,  which  would  derange  the  previous  adjastment. 

Adjtuiment  of  the  circle  to  its  reading  microscopes, — This  is  performed  by  raising 
or  lowering  both  the  t*s  equally,  so  as  not  to  derange  the  previous  adjustment,  till 
the  microscopes  are  directed  to  opposite  points  in  its  horizontal  diameter. 

Adjustment  of  coUimcUion  in  azimtUh. — Instead  of  taking  the  axis  out  of  its 
bearings  and  turning  it  end  for  end,  the  whole  instrument  is  turned  round  in  azimuth ; 
but  in  all  other  respects  the  method  of  performing  this  adjustment  is  the  same  as  that 
already  described  for  the  transit  instrument. 

Adjustment  of  collimcUion  in  altitude, — Point  the  telescope  to  a  very  distant 
object,  or  star,  and,  bisecting  it  by  the  cross  wires,  read  off  the  angle  upon  the  vertical 
circle  denoted  by  the  reading  microscopes.  Turn  the  instrument  half-round  in 
azimuth,  and,  again  bisecting  the  same  object  by  the  cross  wires,  read  off  the  angle. 

kk2 


506 


OBSXKVATO&Y,  A8TKON0111CAL. 


Ona  of  thiM  nkdingt  vill  be  ui  altitude,  mi.  the  other  ft  leoitli  dutftuoe,*  Mid  their 
■nm,  theteTore,  whea  then  ii  no  error  of  collimation  in  iltltad^  will  be  80°.  If  the 
nun  ii  Dot  BO',  ti«lF  ite  differenoe  A:om  SO*  will  be  the  error  of  ooUimUion  ia  aititade, 
and  thit  error  being  added  to  or  anbtruted  from  the  obaerred  asglei,  according  a*  the 
mo  of  the  readiDgi  ii  leu  or  greater  than  90*  will  give  the  tme  lenith  dietanoe  and 
altitude.  The  eiror  of  eollimatioB  in  altitude  inaj  then  be  eorrected  bj  adjuliog  the 
niCToecapea  to  read  the  tni*  wnith  dirtmce  and  altitnde,  thui  found,  while  the 
object  ia  biteeted  bj  the  eroaa  wirei  of  the  telescope.  Tbe  error  of  oollimalion  of  thia 
and  other  astronomical  inakaiDeiita  maj  alw  be  foniid,  or  eorrected,  hj  tbe  coUioiator. 
Uie  of  tkt  <dlitiide  and  atiiautk  iattnatunt. — In  oaing  tbe  altilode  and  aiimnth 
inatmoient,  for  astronomical  pnrpoaes,  doatde  obserraUoni  aboold  alwa; ■  be  made, 
with  the  fiice  Bnt  to  the  eaal,  and  then  to  the  vett,  or  ric*  erred,  <a  aoTenl  obeerva- 
tiODs  may  be  made  with  the  face  to  the  eaat,  and  aa  man;  with  tbe  face  to  the  west, 
and  the  mean  of  the  reculla,  reduced  to  the  meridian,  taken  ae  the  tnie  rceulta.  The 
place  for  a  meridian  mark  may  be  determined  by  the  metiioda  already  explained  when 
dCKrilnng  the  tranut  initniment,  or  by  Ohaerring  the  readiogi  of  tbe  aumnthal  circle, 
or  noting  the  times,  when  aoj  celestial  oljeet  haa  equal  altitodea.  Sinoe  the 
diaphragm  of  the  teteaoope  ia  fomiihed  not  only  with  the  eeotial  hoiiaautal  wir^  bat 
with  other  boriionlal  wirei  at  equal  distaneea  abore  and  below  it,  M  that  thtfe  m«y 
be  altogether  either  three  or  five  or  acTen  horlHalal  wire^  tbe  aiimntha  and  time* 
may  be  obaerred,  when  the  object  obserTcd  ia  Ineeeted  by  each  of  theae  witea.  If  a 
fixed  star  be  the  object  observed,  the  mean  of  the  times  will  give  tbe  time  of  the  star's 
paaiing  the  meridian,  and  the  mean  of  the  aumaUis  will  give  the  reading  of  the 
aumnth  circle  when  the  star  was  on  the  meridian,  or  the  correction  to  be  applied  to 
tbe  readings  of  the  aiimnth  circle  to  give  the  (rue  aiimutba.  If  the  eon  be  the  body 
observed,  a  correction  is  necessary  on  account  of  the  change  of  his  dectinatioo,  during 
the  intervals  between  the  observationl. 

The  correction  for  the  time,  as  dedaeed  from  a  pair  of  equal  altitudes  of  the  ann,  ia 
given  bj  the  formula. 


Correction  -  720  "  'niu.  \&~'^^-  °  X««-IS°|- 


u  L),  in  which 


S  represents  the  variation 


I's  declination  fram  (he  noon  of  the  day 
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approachbg  the  Sontli  Pole,  it  will  carry  the  same  point  towards  the  eaet,  and  must 
be  applied  accordingly. 

The  altitude  and  aximath  instniment  being  adapted  to  observe  the  hearanly  bodies 
in  any  part  of  the  Tisible  expanse  of  the 
heayons,  its  powers  may  be  applied  at  any 
time  to  determine  the  data  from  which  the 
time,  the  latitude  of  the  place  of  obserra- 
tion,  or  the  declination  of  the  body  ob- 
served, may  be  at  once  determined.  Wc 
subjoin  some  of  tbe  formula},  adapted  to 
logaritiimic  computation,  connecting  the 
parts  of  what  may  be  called  the  astronomical 
triangle^  of  which  the  points  are,  the  polo,  P,  the  zenith,  Z,  and  the  apparent  place  of 
the  body  observed,  8. 

Let  P  Z,  the  co-latitude  of  the  place,  be  represented  by  A. 

P  S,  the  polar  distance  of  the  body  observed     .     .  v. 

Z  S,  the  zenith  distance  of  the  body  observed   .     .   Z. 

Z  P  S,  the  hour-angle  from  the  meridian      .     ,    ,  h, 

P  Z  8,  the  azimuihal  angle a. 

Then  wc  have  the  following  formulae  for  determining  the  time,  the  latitude,  and  the 
declination  of  the  body  observed. 


No.     Giren. 


Re- 
quired. 


Z,»,A 


Auxiliary  Angle*. 


Formulee. 


ton.  4/1=  ^'"n.  4(Z  +  »-X) 


I  I 


I     2  1  IT,  ^1  a 
Z,  A,  a 

i       Z,  IT,  o 

5  Z,  IT,  o 

I 

6  ;  Z,  T,  ^ 
Z,  a,  A 

8  *■,  a,  /t 

9  Z,  A,  a 

10  Z,  A,/i 

! 

11  Z,  o,/i 

!  12    A,  o, ;« 


i 


h 
h 
k 

A 
A 
A 


tau  (p 


cot.  0  5= 


cot.  a 

COS.  A 

;  COS.  (A  (^  <p) 

cot.  Z 
COS.  a 

cot.  h 

i 

.  •     •  . 

sin.  A 

tau.  ^  —  COS.  a  ton.  Z  |  cos.  (A  oo  <p) 
!  tau.  <p 
cot.  ^  = 


=  COS.  h  tan.  tr 


cot.  <f>  = 


cot.  Z 
COS.  a 

cot.   TT 

COS.  h 


COS.  (Aou^)  = 


sin.  (KcKj^)  = 

I 
I 

:  sin.  (\r^<p)  =  -- 


T     I  tau.  <p  =  COS.  a  tau.  Z  | 
IT        tan.  <p  =  COS.  h  tan.  A 


COS.  w  — 


i&n,  ip  = 


cot  a 


COS.  A 


COB.  (irou<^)  =   — 


sin.  i  (Z  -h  ir  -I-  A)' 
•sin.  4  (Z  -H  A  — w) 

•sin.  i  (»  -»-  A  — Zj" 

cot.  V  COS.  0 

cot.  A 
cot.  a  sin.  (A  oo  4) 

sin.  ^ 
sin.  Z  sin.  a. 

sin.  ir 

cos.  w  cos.  0 

COS.  Z 

cos.  Z  COS.  0 
COS.  w 

cot.  h  sin.  ^ 

cot.  a 
cot.  a  sin.  ^ 

cot  h 
cos.  Z  cos.  (A  <>w)  ^) 

008.  ^ 
COS.  Z  008.  ^ 


sm.  ir  = 


cot.  T  =  — 


COS.  A 

sin.  a  sin.  Z 

sin.  h 
cot.  A  COS.  (h  (\i  ^) 


COS.  ^ 
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Tkt  Stading  Miereteopt. — Tb«  fictl  of  Um  anneieil  figOTM  mpnasnU  *  lougitaidiiBl 
leetion  of  this  inBtruneDt,  ftnd  the  second  reprewali  the  field  of  Tisw,  dwwuif  tk* 
ougBiGsd  diniioia  of  tht  limb  of  the  ioitrament  to  vhidi  tha  miovaoapa  u  qpfdied, 
»nd  the  ditphragm,  d  d,  of  the  mien»cop«,  with  iti  ooml:^  «  t^  and  en»  nina,  w  w. 
The  diaphngm  U  eonUined  in  the  box,  1 1,  and  ooiui*t«  of  two  part*  tnoring  oae  orcr 


J^. 


alH-A'-l"^ 


^ 


the  other,— the  comb  e  c,  which  is  moTed  by  ths  screw  i,  at  the  bottom  of  the  box, 
for  ths  pnrpoae  of  adjnstruciit,  and  the  croBS  wires  w  id,  and  index  i,  which  are  mored 
over  the  comb  and  the  msgtiified  image  of  the  limb,  by  tBminE  the  milled  head  h. 
The  micrometer  heiu],  m,  is  attached  by  friction  to  the  sorew  tnriied  by  the  milled 
hud,  so  that  by  holding  &st  the  milled  head,  the  micrometer  head  can  he  tamed 
roond  for  adjostment. 

e  is  ths  eye-piece,  which  sUdea  with  friction  into  the  cell  ^  so  as  to  prodnoe  distinct 
visioa  of  ths  spider's  lines  [of  the  micrometer.  The  object  ghua^  o,  Is  held  by  a 
eonieal  piece  if  d,  which  screHS  fnrtber  into,  or  out  of,  the  body  of  the  instnunsnt, 
so  as  lo  prodnes  distinct  tLuod  of  the  diyided  limb  to  be  read  by  the  mieroacope,  and, 
when  adjusted,  is  held  firmly  in  ila  place  by  the  not  b  b.  The  microsoope  screws  into 
a  collar,  so  as  to  be  capable  of  adjnstmeot  with  tecpect  to  its  distanoa  from  the 
divided  limb,   and,   when  so  adjoited,   is   held  firmly  in   ila  place   by  the  nnts 
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on  the  limb  mTut  bo  brought  to  the  point  of  intersection  of  the  spider^s  lines,  and  the 
divided  head,  m,  turned,  till  its  zero  is  pointed  to  by  its  index ;  and  then,  if  the  lero 
on  the  comb,  c  c,  bo  not  covered  exactly  by  the  index  i,  the  comb  must  be  moved  by 
turning  the  screw  i,  which  enters  the  bottom  of  the  micrometer  box,  till  its  sero  is 
covered  by  the  index  pin.  The  'adjustment  of  the  reading  microscope  will  now  be 
perfect ;  and  the  graduated  limb  to  be  read  by  it,  being  divided  at  every  five  minutes, 
the  degree  and  nearest  five  minutes  of  an  observed  angle  will  be  shewn  by  the  pointer 
or  index  to  this  graduated  limb  ;  while  the  number  of  complete  revolutions,  and  the 
parts  of  a  revolution,  of  the  screw,  in  the  order  of  the  numbers  upon  the  micrometer 
head,  m,  required  to  bring  the  point  of  intersection  of  the  spider's  lines  npon  a 
division  of  the  graduated  limb,  will  be  the  number  of  minutes  and  seconds,  respectively, 
to  be  added  to  the  degrees  and  minutes  shown  by  the  index  of  the  circle.  The  com- 
plete revolutions,  or  minutes,  to  be  added,  are  shewn  by  the  number  of  teeth  the  index 
i  has  passed  over  from  zero,  and  the  parts  of  a  revolution,  or  seconds  and  tenths  to  be 
added,  are  pointed  out  upon  the  micrometer  head,  m,  by  its  index. 

The  Collimator. — B  B  is  a  rectangnlar  mahogany  box  partly  filled  with  mercury. 
F  F  is  a  float  of  cast  iron  partly  immersed  in  the  mercury.  Two  iron  bearing  pieces 
are  screwed  to  the  bottom  of  the  box  by  short  iron  screws ;  and  each  of  these 
pieces  has  two  vertical  plates  turned  up,  the  inner  one  of  which  has  a  longitudinal 
slit  in  it,  into  which  slit  iron  pivots,  screwed  into  the  sides  of  the  float,  are  admitted. 
The  use  of  these  parts  is  to  keep  the  sides  of  the  float  parallel  to  the  sides  of  the  box, 
and  at  an  inch,  or  more,  from  contact  with  any  part  of  the  box,  that  the  mercury  may 
assume  a  flat  surface.  H  and  K  are  two 
holding  pieces  of  metal  cast  along  with 
the  float,  and  are  perforated  to  receive 
each  a  socket.  The  socket  at  H.  receives 
an  achromatic  object-glass,  and  is  adjust- 
able by  a  screw  for  its  focal  distance, 
and  the  socket  at  K  holds  two  cross 
wires  ;  while  another  socket,  let  into  the 

end  of  the  box  at  L,  carries  a  lens  forming  an  eye-piece  ;  so  that  the  collimator  is  in 
fact  an  astronomical  telescope  with  a  system  of  cross  wires  in  the  common  focus  of 
the  object-glass  and  eye-lens.  The  inclination,  as  compared  with  the  sur&oe  of  the 
fluid,  of  the  optical  axis  of  this  telescope,  or  of  the  line  joining  the  centre  of  the  object- 
glass  and  the  intersection  of  the  cross  wires  can  be  modified  by  the  addition  of  per- 
forated pieces  of  iron,  held  steady  by  the  vertical  pin  P,  and  by  their  weight  depressing 
the  end  of  the  float.  The  mercury  must  be  as  pure  as  can  be  obtained,  and  par- 
tides  of  dust  must  be  constantly  excluded  by  a  lid  that  covers  over  the  top  of  the  box. 
At  M  is  a  circular  hole,  closed  when  the  instrument  is  not  in  nse,  through  which  the 
telescope,  of  which  the  error  of  collimation  is  sought,  is  to  be  directed  ;  and  a  lamp 
is  placed  behind  the  eye  lens  at  L,  to  illuminate  the  cross  wii-es. 

Use  of  tfie  collimator  with  an  altiiude  and  azimuth  inttrument, — ^Plaoe  the  collimator 
in  the  plane  of  the  meridian  on  the  south  tide  of  the  observatory,  and  direct  it  so 
that  the  cross  wires  of  the  telescope  of  the  altitude  and  azimuth  instrument  may  be 
seen  through  it,  in  the  centre  of  the  field  of  view  ;  then  also  will  the  cross  wires  of  the 
collimator  be  seeik  through  the  telescope  in  the  centre  of  its  field  of  view.  Head  off 
the  altitude  of  the  cross  wires  of  the  collimator,  and  then,  turning  the  instrument  half- 
round  in  azimuth,  observe  again  the  cross  wires  of  the  collimator,  and  read  off  the 
angle  npon  the  vertical  limb^  which  will  now  be  a  zenith  distance.  The  difference 
between  the  sum  of  these  readings  and  90**  is  the  correction  which  is  to  be  applied  to 
the  altitudes  and  zenith  distances  observed  with  the  instrument. 
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ExampU.—1b6  nu'a  maridiu  Bltitnde  b*d  been  oburred  on  Iha  2IHh  DeoHaber, 
1826,  and  ^a  foUowiiig  ditanniiiatloa  of  the  siror  wu  mada  immedialielj  aftsr  the 
obasmtioiu  von  GoialiMl ;  vii. 
Befbra  Teienion  the  sppareDt  altitude  of  the  orcaa  vim  wu        .      0°    1 
After  reieraion  the  Bpparent  lenith  diitaooe  of  the  aroae  wire  irw    8ft  5S  10  *l 


Sum        ...         . 

.    S9  iS  12  '66 

Defect  bota  90° 

*7  -33 

23  -ea 

AltitodaoforcwwireaemTMted        =          j    ^    ^'23-88 

=            1     26    00 

^^m^    .     .      .     .'IT'lV^l 

=     SO    fiS    31  -00 

0    0     0 


■00 


The  oolUinstnr  maj  alia  be  nied  for  a  meridiaa  mark  with  the  t 
When  nted  with  a  oirela  for  measuriug  altitadea  and  Eenith  diitancet,  vhieh  hai  no 
motion  in  tuiniath,  the  eollimator  must  be  moved  &Dm  the  north  to  the  Mmtb  ^de  of 
the  ataerratoij,  and  the  mean  of  the  obeerrationa  in  each  of  these  two  poaitionB  will 
give  the  correction  for  the  errora  of  collimatioD,  kn.,  al  above. 

J.  F.  H. 

OBSERVATORY,  MAGNETICAL.»~Terre«trial  M««netiun  ia  the  i«wer 
which,  acting  upon  a  magTietic  needle  freel;  euapended  by  iti  centre  of  graTitf,  eaoaei 
it  to  take  np  a  certain  position,  called  the  magnetic  direction,  and  also  to  tend  to 
retDiTi  to  the  tame  poiiUon  if  bj  any  mcane  it  ia  withdrawn  fh)m  tliat  direction. 

The  direction  of  the  needU  ia  referred  to  two  planes,  the  hoiiioDtal  plane  paMing 
through  tbe  centre  of  the  needle,  and  the  rertical  plane  paeaing  tbrongh  the  centre  of 
the  needle  and  the  meridian  of  the  place.  The  angle  formed  with  tbe  boriaontal 
plana  is  called  the  iucUnatioo  or  dip,  and  that  with  tbe  nrtleal  plane,  the  declination 
or  variation  of  the  needle.  As  the  nugnetie  dirMtion  and  likewise  the  magnetic 
fbioa  varj  at  different  parli  of  the  earth's  nir&ce,  it  ie  neoeHar;,  in  order  to  obtain  a 
knowledge  of  the  dittribotjon  of  terreetrial  magnetiam,  to  Moertaia  for  Tarioni  geo- 
graphical poeitiouJi — 

■ectiou  of  Ibj  ueeille  ; 


I  ''"■"'''■^''^'■'■''■'- 


OBSERVATORV  ASTRONOMICAL.  PLATE  J 


y 


< 


Tah'iii  t'iU'ni   the  l*!*\\'l 


^ 


•^ 


^ 


-X 


<■ 


k\ 


.1' M^ /.cwri-    fi 


LrnMu  Jchti  IWah  lluih  Urlh'm  J;'-ii> 


■    T 
f     1 

f 


L- 

't 


RfnAL  F.^■[•-^^:F,>:R  [uskkrvatort, riiATiiAM, 


OBSERVATOR.Y.  M  AON  ETiCA  L  .  PL  .4 


MAGN1ETICA2L   OBSEHTATOlfinr  ST  IOiXIE^"Ar 


J.l..K^\kT10:^ 


Grt'iuul  rian   S/uwi/u^  tJu  liispositiA'iiorttielnsiiumefits 


D .     DecIiTw  meter 
B.      Huilat- 

y.      VertiCiil  Forct 


Transit  TlievJt^lue . 
Portable  heflifwmet^r. 
Vihmtion .  -IfyfuinUuji . 


ScaU  J  Iruh  tc  W 


J.TCloH'rf  fc. 


Zimdi*n  JohnWealc  BujjhHoTbcrn.  If^tP 


I 
t 
f 

I, 


L 


I 

.  I 

! 

■1i 


I 

I 

J! 
■ 


-■.     1 


1 
I. 


.1 


\ 


■^ 


5^ 


•>-. 


IcnJ.-H  .r,-ha  WmU  X"  Iboh  )L-lh.-t^n  iSlS 


0B8ERVAT0KT,  MAONBTICAL. 


OBSBKVATOHTrt  ( 


-18 "_} 


Oott. 
Tlnn. 

B««„.,. 

,W...„, 

«-^. 

HUI*ofll»V«lbu 

Il.lgbl. 

Tmp. 

Drr. 

WM. 

10  F^ 

1, 

Uldn. 

1** 

, 

»!,.. 

31«n. 

4..-. 

1 

J 

, 

, 

8 

Bl» 

K..n. 

1 

la^ji. 

ii 

11 



'* 



NSOB 

Ir.M. 

, 

—  - 

flpj 

M»°> 

i 

• 

11 

i| 

6 

II 

„ 

1 

-- 

1 

-- 

a 

•  f* 

■■« 

OEDNANCE,  BRITISH. 


ORDNANCE,  BRITISH."— B7tl»  tem  OHnuu  U  undentooil.  In  the  BHtUb 
Berrioe,  uij  description  of  varlike  atores,  irbeUier  for  Land  or  Sa>  Serrioe,  uid  the 
Onliuuioa  Departni«at  has  tlie  maaoTacture  and  caneerTaUaa  of  tbew  atons  :  tUa 
genenl  ftpplinUoa  of  the  word  ia  not  thg  purport  of  the  pmmit  artiak ;  it  i*  ita 
aperaal  ligniGcstion  m  lued  bjr  the  Artillery,  eomprebendine  every  projectile  fired  froa 
a  oanigf a  and  fanning  a  part  of  ths  Bqaipment  of  diat  branch  of  the  Militarj  Serrue ; 
(aa  expluned  in  the  first  Tolnme  of  thia  work  Id  the  article  'JriitUTf').  The 
Domenolatore  is  u  foUowa  : 

J  HoaitzetB, 
I  Hortars, 
Lcarronndei. 
r  Field  Quna, 
rass.     \  Do.  Hovitieni, 
I  Small  Hortan. 


£ocket 


-Field. 


The  fint  hm  of  ordnaDoe,  and  the  prosreaa  of  the  leTeral  improfemenla,  are  here 
proposed  to  be  recorded. 

It  is  anppoaed  that  ordnance,  or  a  species  of  cannon,  wae  first  employed  by  the 
Bsgliah  in  the  reign  of  Edward  the  Third,  and  that  inlSiSbehad  four  pieces  at 
the  battle  of  Creasy  ;  at  that  time  they  were  made  of  wronght'lroo  bars,  welded 
together  and  strengthened  with  hoops ;  bat  their  constmctioD  rendered  them  mora 
mottan  than  cannon,  as  they  had  chambers.  One  of  this  description,  called  '  Mons. 
H^'  waa  taken  by  Olirar  Cromwell  at  Edinbnrgfa.  Catinan  of  thia  material  wen 
also  termed  Bombardi,  bat  in  time  they  were  cast  of  that  composition  named 
guD-metal. 

Although  heavy  ordnance  were  in  aae  as  early  as  the  time  of  Bdward  III.,  none 
were  cast  in  England  until  the  reign  of  Henry  VIII.,  when  great  bisss  ordnance  wne 
coaatnicted,  and  called  eaonon  and  eolTerias,  eas^  according  to  Camden,  by  one  John 
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draku  were  for  ndden  aenrioe^  u  in  the  d^y  of  bftttle.  The  former  were  mounted 
on  block-wiggooa,  or  upon  their  own  oarriages,  and  required  fifteen  oonple  of  lusty 
horses,  besides  the  HkUUr  horsey*  eyery  two  horses  drawing  600  or  650  &. :  a  demi- 
cannon  required  eleren  horses,  and  the  smaller  drakes  a  number  according  to  their 
weight.     The  rebonching  of  gnns  was  first  practised  at  that  period. 

The  first  improTement  towards  the  present  nature  of  ordnance  took  place  in 
the  middle  of  the  17th  century;  and  in  the  reign  of  James  XL,  Jl.d.  1686,  it  is 
recorded  that  orders  were  given  to  equip  fourteen  S-pounders  to  act  with  several 
regiments  of  infantry  encamped  in  Hyde  Park,  and  two  guns  were  attached  to  each 
battalion. 

In  the  records  alluded  to  is  a  Betum  of  British  Ordnance,  dated  1669,  when 
east-iron  ordnance  appear  to  have  been  in  use.  The  following  Table  is  copied  from 
the  record : 


GUNS. 

MORTARS. 

Brut. 

Iron. 

Br«M. 

Iron. 

moi 

1  of  8  in. 

calibre 

Gannon  of 

7  in. 

calibre. 

18iin. 

calibre. 

124  in.  calibre. 

7 

>) 

Demi-cannon 

13J 

<f     ,. 

29-pr. 

Cannon 

29-pr. 

9 

*\     „ 

12  „ 

}» 

12  „ 

8J 

8„ 

yy 

8,, 

6 

6„ 

>> 

6,, 

4i 

8„ 

»» 

8„ 

4i 

It  may  be  inferred  from  the  perusal  of  the  '  Marlborough  Dispatches,*  edited  by 
General  Sir  Gkorge  Murray,  that  guns  were  not  at  that  period  attached  to  battalions. 
At  the  battle  of  Blenheim,  it  is  stated,  that  when  the  Duke  found  that  he  could  make 
no  impresnon  on  the  enemy,  he  directed  Colonel  Blood,  of  the  British  Artillery,  to 
take  a  battery  acroai  the  river  over  which  a  bridge  had  been  formed ;  and  this 
artillery  manceuvre  contributed  materially  to  the  success  of  the  day. 

It  is  stated  likewise^  in  one  of  the  Duke  of  Marlborough's  dispatches,  dated 
26tli  September,  1704, —  ''On  Wednesday  there  arrived  before  Landau  twenty 
2i-poDnder8,  twelve  12-poundeiiv  eleven  mortars,  two  howitsers,  and  one  hundred 
hand-mortars ;  and  we  hope  in  a  few  days  to  have  another  battery  of  twenty-eight 
24-pounders  ;**  and  at  one  time  he  says,  ''we  shall  i*equire  10,000  horses.** 

The  inferior  quality  of  the  gunpowder,  the  charges  being  }ths  of  the  weight  of  the 
shot)  (one-third  being  the  preeent  maximum  charge  used),  must  have  produced  the 
necessity  for  such  a  large  supply  of  ordnance  in  the  field  and  at  sieges. 

About  1736,  General  Armstrong^  then  Surveyor-G^eral  of  the  Ordnance,  took 
great  pains  to  improve  the  construction  of  British  ordnance ;  and,  pro6ting  by  his 
experience  under  the  Duke  of  Marlborough,  established  certain  rules  for  the  dimen- 
sions of  iron  and  brass  guns,  based  upon  some  experiments  made  under  his  direc- 
tion. These  rules  were  as  follows  :  For  iron  guns,  supposing  the  calibre  to  be  divided 
into  14  equal  parts,  he  decided  that  the  thickness  of  the  metal  at  the  vent  should 
be  16  parts. 

The  thickness  at  the  first  reinforce 14*5  parts. 

,,  second    ,, 18*5     ,, 

,,  end  of  the  second  reinforce  .     .  12*5    „ 

,,  beginning  of  the  chase    .     .     .  11*5    ,, 

,,  end  of  the  mussle      ....  8        ,, 

The  diameter  of  the  vent,  |th  part  of  an  inch. 
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TIm  diuneten  of  toM*  gniu  were  r^al&toil  b;  diriding  tlie  ealibn  into  10  eqiul 

puti,  vhCD  tha  thickneu  of  the  met&l  it  the  brauh  wai  to  be  IS   parts. 

At  the  end  of  the  first  reinforce H'S     „ 

At  the  b«ginaiag  of  the  woand I3'G     „ 

At  the  end  „  12-5     „ 

At  the  beginning  of  the  ohice        11"6    ,, 

At  the  end  „  „  eioliuire  of  mouldinge  .      8        „ 

Diaoietor  of  Tent,  Jth  of  on  inob. 


The  length  of  the  gam,  acoording  to  Geaeial  Aruutroi^'E 


fired  with  a  chsrge  of  tiro-thirda  of  the  weight  of  the  shot  i  niiewiug  Uuit  the  mAna- 
fiMture  of  the  ganpowder  hsd  not  at  that  Ume  improred.  It  is  usnmed  that  the  biua 
oidnance  were  for  the  field,  and  the  iron  were  employed  in  the  arnuunent  of  forts  and 
ship*  of  war. 

Brigades  of  artillery  were  organised,  of  12-pouDden  and  light  B-poanden,  to 
aoCompMiy  the  Dnlce  of  Cnmberhind  in  hia  campugn  in  the  North  of  Bnglaud,  in  1747. 
Xhis  must  hare  been  the  first  attempt  at  light  arlillerj,  with  MTtain  facilities  of 
moTement  without  embaimaing  that  of  the  infaotr;. 

Attliebattie  of  Hindeo,  17S9,  where  the  British  artiUerj  pBrtJcnlsrl;  distiD^niahed 

itself  there  were  fire  brigades  emplojed,   compoeed  of  medium  IS-pounders,   light 

S-pounderi^  aud  bovitien ;  and  at  the  siege  of  Bellmsle,  in  17S1,  there  veie  emplojed 

K  12-prs.,  tweDtf  21-pn.,  t«a   32-pr*.,  and   MTetal  hear;  mortars  and  8-inch 
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Calibre  of 

IBON  QT7K8. 

Length. 

Weight. 

Calibre  of  Gun. 

Sbot. 

Ft. 

In. 

Cwt.  Qra. 

Inehei. 

Inches. 

• 

42.pr. 

9 

6 

65 

0 

7-8 

6-68 

Heavy 

4 

32  „ 

9 

6 

55 

0 

6.42 

6-10 

• 

24  „ 

9 

6 

49 

0 

5-88 

5-54 

Light 

» 

24  „ 

9 

6 

47 

0 

5.88 

5-54 

18  „ 

9 

0 

40 

0 

5*29 

5-03 

Heavy 

' 

12  „ 

9 

0 

82 

0 

4-63 

4-40 

Medium 
Light 

* 

12  „ 

8 

6 

81 

0 

4-63 

4-40 

. 

12„ 

7 

6 

29 

0 

4-68 

4-40 

»» 

9 

0 

29 

0 

4-21 

4-0 

9n 

8 

0 

27 

0 

4-21 

4-0 

9„ 

8 

0 

26 

0 

4*21 

40 

6„ 

9 

0 

24 

0 

8*66 

8*48 

6„ 

8 

6 

23 

0 

3-66 

8-48 

6„ 

8 

0 

22 

0 

8*66 

8-48 

4„ 

6 

0 

12 

0 

4„ 

5 

6 

11 

0 

8„ 

4 

6 

7 

0 

BRASS 

LenKth. 

Weifht. 

Calibre. 

Diameter  of  Sbell 

Charge. 

HOWITZIBS. 

Ft  In. 

Cwt.  lb«. 

Incbci. 

Inches. 

lbs.  OS. 

8-iDch. 

8     1 

4 

0 

8 

7-75 

3     8 

5-8  „ 

2     2 

4 

0 

5-62 

5-50 

1     0 

4-5  „ 

1  10 

2  10 

4.52 

4-40 

8 

BRASS 

Length. 
Ft.  In. 

Weight. 

Calibra. 

Diameter  of  Shell. 

Charge. 

MORTARS. 

Cwt.  Qra. 

Incbes. 

Inehea. 

lbs.  OS, 

For 

{ 

5     3 

82  0 

18 

12-75 

30     0 

Sea  Service. 

4     9 

58  0 

10- 

9-75 

12     8 

For 

« 

3    8 

25  0 

13 

12-75 

10     0 

Land  Service 

2     9 

11  0 

10 

9-75 

3  12 

Royal 

1     4 

1  0 

5-62 

5-50 

9 

Ooehom 

1     U 

0  8 

4-52 

4-40 

5 

The  dimensions  of  British  gnns,  mortars,  and  howitsers  were  not  altered  again  until 
the  beginning  of  the  present  century,  when  Juavy  hrcus  ordnance  ceased  to  be  cast,  and 
the  weight  and  dimensions,  as  shewn  in  the  article  'Artillery,'  were  adopted.  It 
would  appear  that  until  the  close  of  the  American  War,  our  armies  were  encumbered 
with  heavy  artillery,  the  weight  of  guns  and  carriages  being  out  of  all  proportion  to 
the  means  of  moving  them  with  facility. 

The  next  change,  as  involving  an  alteration  in  the  armament  of  ships,  was  the  Intro- 
duction of  the  carronade,  about  the  end  of  the  18th  century.  This  enabled  small 
vessels,  and  the  upper  decks  of  larger  ones,  to  cany  a  piece  of  ordnance  of  large  calibre, 
viz.  18-pr.,  24-pr.,  and  32-pr.  carronades,  previous  to  which  the  vessels  were  armed 
with  heavy  9  and  12*pr.  iron  guns. 

At  the  commencement  of  the  French  Revolutionary  War,  the  organisation  of  the 
British  artillery  for  the  field  was  very  imperfect ;  but  it  is  a  question  whether,  in  the 
exercise  of  great  guns  and  the  nature  of  our  heavy  ordnance,  much  improvement  has 
taken  place,  as  may  be  proved  by  adverting  to  the  siege  of  Gibraltar. 

This  fortress  was  attacked  in  October,  1779,  and  sustained  a  combined  siege  and 
blockade  for  four  years ;  the  besiegers  commencing  with  35  pieces  of  ordnance^  which 
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iaentaei  to  400  of  tbe  LwTieat  calibre  ;  the  GdaI  attack  being  a  combined  ofotHoa 
of  Ka  and  land  hatlttUa,  vhidi  Urminated  in  the  deatruoticm  of  the  fanner  witii  red- 
bot  (bat,  and  ia  i^nng  the  aiege.  Thia  vas  probabi;  the  fint  (Ooctnfnl  attonipt  in 
llie  oae  of  hot  diiit  agunit  ahipping. 

In  theearij  campaigni  of  the  war  with  Fraooe,  in  1795,  9S,  and  99,  in  Plandenasd 
Holland,  light  bran  onlDaDca  onlj  were  nieil,  when  two  field-peeee  wen  attaobed 
(o  each  battalion  of  infantrj,  wbo  aseiMed  in  tbe  working  of  tbe  gone  :  Qie  borKi 
procnred  in  the  eonntrj,  were  in  nngle  bameaa,  and  driren  by  vaggonen  in  anock- 
troe)LM. 

In  the  expedition  to  Bgjpt,  b  1600,  a  little  actranee  wu  made  in  the  equipment  of 
tbe  Foot  Artillery,  In  that  campaign,  afler  tbe  battle  of  Aleundria,  till  which  period 
tbe  field-piecei  were  drawn  by  aeamea  from  tbe  fleet,  and  tbe  arm;  had  proceeded  to 
Cairo,  a  sort  of  Hone  Artillery  wai  formed  from  tbe  compaoiee  of  Font  Artillery, 
under  Captain  Aleiander  Macdonald,  and  orgsnieed  as  followi : 

Baoh  piece  of  light  artillery  had  attached  to  it  1  non-commiMaoned  officer,  7  gnD- 
nen,  3  driTcra,  and  10  boraes,  distributed  that : 

lit,  pair  of  leaders,  with  1  driver. 
2nd,        „  „      2  extra  arUUerymen,  monnted. 

3rd,         „  ,,      1  drirer  and  1  artilleryman. 

4tb,         „  „      2  artillerymen  mounted, 

nb,  wheel  hortea,    ,,      1  drirer  and  I  artiUeiynan, 
2  artillerymen  on  the  limber. 

In  eoming  into  action,  the  artillerymen  dismonnted  from  the  limber  and  boraet, 
wbilal  tbe  drirera  took  the  limber  to  the  rear  :  60  roanda  were  carried  npon  tbe  lim- 
bor,  and  the  spare  ammnnltjon  was  oonvejed  by  camela.  A  bearybrigadeof  12-pon^flra, 
dnwn  by  bollocka,  waa  formed  onder  the  late  H«jor-Qenerat  Adje. 

The  ot^niuUon  of  the  Hnnif  Artillery  loak.place  in  1793,  and  the  foimation'of  tbia 
importuit  arm  neceanril;  led  to  the  impioTement  of  the  foot  brigades,  aa  they  were 
termed,  nnUI  the  doae  of  the  war.  The  Gr^  attempta  at  msTing  Geld  Brtillery  with 
more  than  ordinary  celerity  were  made  under  the  direction  of  Colonel  QHffith  Williaici% 
Commandant  at  Woolwich,  in  I7SS-9,  by  meana  of  what  wire  termed  carriole  gnn^ 
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be  eonaidered.  Quick  moTements,  in  either  advanoe  or  retreaty  can  onlj  be  carried 
on  by  mounted  horsemen,  as  foot-soldiers  oonld  not  ran  far  and  np  hill,  and  be  then 
found  equal  to  work  their  guns,  as  was  experienced  at  the  battle  of  Alma.  (See 
*£quipment  of  Artillery^  Tables  I.,  II.,  and  III.,  of  this  work.) 

The  improrement  in  what  maj  be  deemed  the  efficiency  of  the  foot  batteries  com- 
menced after  the  Peace  of  Amiens,  in  1801,  when  the  corps  of  artillery  drirers  were 
properly  organised,  with  the  introduction  of  cars  for  the  ammunition,  and  the  gunners 
were  carried  on  them:  hence  the  batteries  were  called  "car  brigades:"  these 
were  replaced  by  the  ammunition  waggons,  as  at  present  nsed,  (see  Plates  XXVII. 
and  XXYIIL,  article  '  Carriage^*)  and  the  batteries  formed  of  5  light  guns  and  1 
howitzer. 

In  the  early  campaigns  of  the  Peninsula,  at  the  battle  of  Vimiera  the  batteries  were 
composed  principally  of  3-prs.  and  4§  howitzers  ;  but  as  the  officers  and  men  of  the 
Eoyal  Artillery  became  more  experienced  in  the  field,  the  batteries  were  composed 
of  6-pr.  gnns  with  the  light  24-pr.  howitzers,  and  the  9-pr.  gun  associated  with 
the  heavy  24-pr.  howitzer;  but  these  howitzers  haye  been  changed  for  Miller's 
brass  gun  howitzers,  the  24-pr.  of  12  cwt.  being  attached  to  the  9-pr.  gnns,  and  the 
12-pr.  of  64  cwt.  attached  to  6*pr.  guns.  The  9-pr.  guns  were  employed  to  cope  with 
the  French  8-pr.  guns. 

It  is  not,  howerer,  the  perfection  of  the  equipment  alone  that  is  necessary,  it  is 
practical  knowledge  in  presence  of  an  enemy,  in  countries  in  which  it  is  difficult  to 
move,  and  where  forage  is  scarce  and  good  stabling  very  rare,  that  makes  artillerymen 
competent  to  bring  their  guns  into  action  fresh,  and  perfect  in  all  their  attributes. 
Hence  it  was  that  the  French,  after  fifteen  years'  experience  in  Germany  and  Italy, 
were  always  able  to  bring  into  action,  in  the  Peninsular  campaigns,  with  &r  inferior 
equipment  and  horses,  a  greater  number  of  guns  with  heavier  metal.  In  fact,  at  the 
early  period  of  the  Revolutionary  War,  the  French  separated  the  movements  of 
artillery  from  infantry,  although  attached  to  them,  learnt  the  art  of  acting  indepen- 
dently, and  of  bringing  their  guns  to  bear  upon  important  and  vulnerable  points.  (See 
the  Memoirs  of  the  French  General  of  Artillery,  Baron  Senarmont,  who  was  killed  at 
the  siege  of  Oadiz,  1810). 

The  equipment  of  field  artillery,  althongh  decided  by  a  Committee  of  Officers  in 
1819,  based  upon  the  experience  of  the  previous  campaigns,  is  yet  a  subject  of  dis- 
cussion ;  and  it  has  been  thought,  that  if  the  24-pr.  howitzer  could  be  reduced  in 
weight,  and  the  light  6-pr.  gnn  increased  to  150  times  the  weight  of  the  shot,  or 
8  cwt.,  these  pieces  might  be  adapted  to  Horse  Artillery.  It  has  also  been  conceived 
that  32-pr.  howitzers  should  be  associated  with  the  9-pr.  guns  for  Foot  Artillery,  to 
cope  with  the  French  howitzers  of  16  centimetres  which  accompany  their  8-pr.  brass 
guns.  It  appears  that  three  of  the  troops  of  Horse  Artillery  were  equipped  in  the 
campaign  of  1818  with  long  6-pr.  gnns  and  heavy  5^  howitzers,  when  no  difficulties 
occurred. 

Heavy  Ordnance,  for  Land  Service,  of  iron,  now  exclusively  employed  in  the  attack 
of  places  and  in  the  armament  of  forts  and  fortresses  and  for  coast  defences,  are  con- 
structed upon  nearly  the  same  principle  as  regulated  by  General  Armstrong  and 
Desaguliers,  and  proposed  in  the  experiments  of  Mr.  Robins,  which  did  good  service 
at  the  sieges  of  Havannah,  Belleisle,  and  Gibraltar,  and  at  the  Peninsular  sieges  when 
brought  into  use. 

Sea  Service  Ordnance^  also  of  iron,  for  the  armament  of  ships  of  war,  since  the 
adoption  of  the  heavier  metal  (&  la  Paixhan*s),  for  shells  and  hollow  shot,  have  received 
a' new  application,  the  82-pr.  gun  being  the  smallest  calibre  in  use  of  different  weights^ 
■0  aa  to  suit  the  lower,  middle,  and  upper  decks  of  vessehi :  these  are  asMoiAted  with 
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tha  8-incli  and  lO-inah  iron  shell  gang,  in  the  proportion  of  one-tent^  for  Hiting 
veueli,  ind  abaat  one-hilf  for  itoam-Temla. 

To  save  exptam,  and  appropriate  man;  short  beavj  iron  guna  oat  for  na  aerriee, 
Mvenl  le-pra.  and  24-pra.  hare  hod  their  barei  increaied  to  carrf  a  S2-pT.  afaot,  and 
■erra,  as  before  eiplained,  for  the  opper  decks  of  ships  of  w»r.  (See  Artjilerj  TaUea, 
A.  and  B.,  and  Appendix  I.  to  this  article.) 

This  new  armuDent  baa  nearl;  dnnbled  the  force  of  our  Nmmj  since  the  Feaoe,  ta 
tha  following  Table,  taken  from  the  Beport  of  tha  Committea  of  the  Hddm  of  Com- 
mons on  (he  Ordnanea  Department  in  tbe  Session  of  1849,  will  eiptain. 


In  the  ;ear  18D6.                   :|                   In  tbe  jear  18J9. 

Numbu 
otOmw. 

Weight  of,   NtHnbn 

Th.'C»l«]mi.,' 

"a" 

ss 

28 
88 
10 

2*      „         ,.       ■ 

S2-pr.  eaiTonades . 

Total    weight   of) 
.hot.     .     .     ./ 

of  shot  in  1808  } 

.... 
890 
872    ! 
432 
320 

12 
94 
14 

32'.pr.T'.     ■     '. 

Total   weight   ofl 
shot.     .    .     J 

of  shot  in  1849/ 

9». 
S18 
300S 
448 

2320 

4272 

11  BO    1 

2136 

The  problem  as  to  the  effect  of  the  fire  from  this  heaTf  snnsment,  in  fotnie  ITaTml 
engagementa,  has  to  be  solyed,  and  witbont  the  sjd  of  iteam  will  ptobabl;  produce  a 
series  of  tactical  operations  of  an  nndedded  nature.  Against  land  batteries,  the 
relaldTe  strenglh  will  remun  tbe  same  when  the  heavj  gnns  are  nsed  for  the  defenee 
ts  and  haibonrs. 
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with  the  calibre  of  the  guns  in  the  battery,  and  the  whole  to  be  snpplied  with  so  much 
ammunition  per  piece,  according  to  circomstancee. 

Class  B.  and  G. 

For  the  armament  of  works  for  the  protection  of  anchorage,  and  those  for  the 
defence  of  harbours  and  the  mouths  of  rivers,  the  most  suitable  are  the  68 -pr.  and 
10  inch  guns ;  the  number  corresponding  with  the  importance  of  the  site.  Two  or 
more  heavy  mortars,  if  there  is  anchorage  within  8000  yards,  should  likewise  be 
mounted  ;  the  allowance  of  ammunition  being  100  rounds  per  piece  of  ordnance. 

There  can  be  no  doubt  of  the  superior  efficiency  of  the  68-pr.  and  10  inch  guns, 
but  it  may  be  desirable  to  have  a  small  proportion  of  lighter  metal,  as  the  32-pr.  and 
the  8  inch  gun  of  65  and  even  50  cwt.  ;  as  quickness  of  fire  may  sometimes  be  of 
great  importance.  The  quantity  of  ammunition  must  be  in  proportion  to  the  locality 
of  the  battery,  and  its  distance  from  the  supply. 

CONCLUSION. 

The  object  of  this  paper  is  to  record  the  first  attempts  in  the  art  of  gunnery  and 
the  progressive  advance  and  improvements  in  the  construction  of  British  ordnance, 
framed  from  MSS.  in  the  library  of  the  Boyal  Artillery,  from  the  works  of  various 
authors  upon  the  subject,  from  information  derived  from  Officers  who  served  in  the 
campaigns  previous  to  the  Peace  of  1815,  and  from  some  experience  in  the  field. 

Although  the  equipment  of  artillery,  at  this  time,  appears  to  have  reached  a  very 
high  standard,  yet  it  would  be  great  presumption  to  say  that  it  can  go  no  further. 
"Quarter-Blaster  Wm.  Tate,  of  the  8th  Battalion,  stated,  that  in  1798  he  was  on  a 
detachment  drilled  at  Woolwich.  It  was  called  experimental  drill  ;  and  when  re- 
viewed by  the  Commandant,  with  3  horses  to  each  gun  in  length,  and  driven  by 
contract  drivers,  clothed  in  short  white  frocks  with  blue  cufifs  and  collars,  and  a 
waggon- whip  over  the  shoulder,  Captain  Spearman,  then  GNtrrison  Adjutant,  observed 
to  General  Lloyd,  that  it  was  impossible  the  movements  could  be  quicker  performed, 
to  which  the  Commandant  assented  ! " 


APPENDIX.* 

last  of  Guns  supposed  to  have  been  in  use  in  the  year  1682,  as  found  in  a  Ledger  at 

present  in  the  Tower. 
Cannon  of  8  inches,  11  ^  and  10^  feet  in  length. 
Cannon  of  7  inches,  12,  11,  104,  ^0,  9i,  9,  84,  do. 
Demi-Cannon,  32-pr.,  13,  124,  ^2,  II4,  11,  IO4,  10,  94,  9,  84,  8  do. 

„  24-pr.,  14,  18,  12,  11,  10,  9,  84,  8,  74,  7  do. 

Culverin,  18-pr.,  12,  II4,  11,  IO4,  10,  94,  9,  84,  8,  74,  7,  64,  6,  54,  5,  4 

feet  in  length. 
12-pr.,  11,  104,  10,  94,  9,  84,  8,  74,  7,  64,  6,  54,  5,  44,  4  do. 
Demi-Culverin,  or  9-pr.,  12,  llj,  11,  I04,  10,  9J,  9,  84,  8,  74,  7,  64,  6,  54, 

5,  44,  4  do. 
„  8.pr.,  10,  94,  9,  84,  8,  74,  7,  64,  6,  54,  5,  44,  4  do. 

6-pr.,  104,  10,  94,  9,  84,  8,  74,  7,  64,  6,  54,  5,  44,  4, 
2gdo. 


*  By  the  late  Mi^or-Gencral  Dundsf,  C.B.,  R.A.,  Intpector  of  Artillery. 
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J*k«T,  4t-pr.,  lot  10.  94.  8.  St,  S,  11  T,  SJ,  6,  6i  6,  H,  4,  St,  8  do. 
HinioD,  4-pr.,  10,  Sf,  B,  8|,  8,  71,  T,  SI,  6,  61,  6,  4t,  *.  S  do. 

3-pr.,  St,  e,  Tt,  7,  Si,  6,  Gt,  E,  4t,  4,  SJ,  S,  2J,  St,  2  do. 
Falocm,  9,  8i,  8.  7i,  7,  6i,  B,  Bfc  By  4t.  *,  St,  3,  2t,  2,  Ij  dc 
Fslaonrt,  Tt,  7,  8t,  6,  EJ,  S,  4i,  4,  Sfc  8,  2f  2i,  2  do. 
Bftbbonet,  St,  8,  2t,  2  do. 


QuD  of  IJ-lnch  bore,  St  feet  id  Ungth. 

Do.        It        ..         G    do. 

Do.        li        „         6,  3,  2t  ^0- 

Do.        11        ,.         4,  21,  2  do.  Chunlen. 

Do.        1  ,,         4,  3,  21,  2  do.  Sling-pieeea. 

PieM  vith  T  boras.  Morderan. 


kn  aeoooDt  or  lut  rf  Brass  Pisld  OtdnuiM  naed  in  tbs  British  Service,  either  made 
new  or  received  at  the  Bojol  Brsa  Fonodiy  at  7001111611,  in  the  jtMi  1717,  aod 
the  three  or  fooTBabBeqaent  yeais,  to  be  reH»Bt :  bat  by  a  Ledger  of  Ordnance  Storea 
bearing  date  in  the  jeir  1682,  vbich  vas  uved  iriion  the  Ordnance  Reooida  Itept  in 
the  Tower  wen  conmimed  bfthe  G[«  that  dortrojed  the  Snutll'Qcm  AniHnuj,  it 
appean  that  previooi  to  that  year  the  same  piece*  bad  been  in  nse. 


S^pr.,  lot  feet  long,  fi2 
Do.  Bt       „        £0 


Ci-pr„ 


?    feet  long,  10  owt 

H        .. 

151., 

fl 

*i.. 

4i       „ 

4   „ 

7 

10  „ 

*i       ,. 

6    ,. 

at     ., 

*    ,. 

3        .. 

8  „ 

a,       aj.pr 

6  feet  long,  6  to  7  ir 

21  .. 

S       „        2  cwt 

rttes,  U  „ 

0       „        9   „ 

ros,    1     „ 

4       ,.        2   „ 
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MortarSy 


10-ineh. 
8  „ 


12-pr.,  6i  feet»  21    cwt. 


Do.  6i 

Bo.  5 

9-pr.,  6 

6-pr.,  7 

Do.  5 

Battalioii  Guns,  Do.  44 

(discontinued  3-pr.,  6 

about  1802,)  Do.  4 

Do.  3 

Ammuzette,        l-pr.,  5 


fi 
ft 
>y 
If 
f» 


18 
12 
13i 
12 

6 

6 

6 

3 

2J 

24 


ft 
II 
i> 
II 
II 
II 
II 
II 
II 
II 


Howitien, 

10 

» 

27    cwt. 

8 

II 

"     » 

c* 

II 

4J   ,, 

*l 

II 

2i    .. 

Service  were — 

Mortars, 

IS-inch. 

10   „ 

12i  cwt. 

• 

8    „ 

64   .. 

6i>. 

M  „ 

*§.. 

i  » 

Howitzers, 

10  „ 

27      „ 

8  „ 

1*     >. 

( heavy, 
"^''lught, 

10     „ 

1 

n  „ 

<l» 

24    >, 

For  Ordnance  at  present  in  the  Service,  see  Vol.  I.    Article,  Artillery-Tables,  A.  B .  C. 

There  are  also  the  Lancaster,  8-inch  Ghm  (95  cwt.),  with  oval  bore  carrying  a  shell 
of  86  lbs.  weight,  and  the  Armstrong  rifled  breech-loading  guns  of  various  calibres 
juBt  introduced. 
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PART  I. — THE  CASTING  OP  BRASS  ORDNANCE  IN  THE 

ROYAL  GUN  PACTORIES.* 

The  system  generally  pursued  for  many  years,  in  the  manufacture  of  Brass  Ordnance, 
has  undergone,  in  the  establishment  of  the  Royal  Gun  Factories,  considerable  altera- 
tion within  the  last  three  years,  whereby  a  large  saving  of  time  and  expense  has  been 
effected.  That  part  of  the  manufacture  which  is  connected  with  the  ''foundry,"  is 
now  done  in  one  sixth  of  the  time,  and  at  littie  more  than  a  fourth  of  the  cost 
originally  expended  on  it. 

The  principal  changes  consist  in  the  substitution  of  cast-iron  models,  for  those 
made  of  loam,  &c.,  one  of  the  latter  being  required  for  each  gun  (or  howitzer)  cast ; 
also,  in  the  introduction  of  the  mould  boxes,  which  admit  of  the  mould  being  made  by 
the  simple  process  of  ramming  the  required  mixture  of  loam  and  sand,  in  the  place  of 
the  tedious  and  comparatively  intricate  process  that  prevailed  for  so  many  years,  f 


*  By  Capuun  Hauluin,  H.A. 

t  The  foUowinR  detcription  of  this  proceit  wu  given  by  the  late  Mi^or-General  Dundas,  in  the 
former  edition  of  thia  work : 

"  A  model  of  the  gun,  somewhat  enlarged  in  it«  aeTeral  parts,  ia  formed  upon  a  wooden  conical 
mandrel  wrapped  round  with  straw  plait,  OTer  which  ia  applied  a  mixture  of  aand  and  horse-dung, 
with  water  to  bring  it  to  a  proper  consistence ;  and  when  it  is  complete  with  its  trunnions  (and 
dolphins,  if  wanted),  and  brought  to  a  smooth  surface,  and  covered  over  with  some  material  in  a 
liquid  state,  to  prevent  adhesion  in  the  after  process,  it  is  ready  to  give  the  impress  to  the  mould 
which  is  formed  upon  it  with  well-worked  moist  loam,  mixed  with  cow-hair,  applied  in  concentric 
and  snceeasive  layers,  and  into  which  the  long  fibres  of  hemp  are  car^Uy  woriced,  eadi  layer  being, 
to  a  certain  extent,  dried  over  a  charcoftl  flie  made  within  the  moulding-frame  npon  which  the 

N   N  2 
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The  ijvtem  now  followed  (18G9),  wu  iBtroda««d  b;  the  ■apemtendaDt,  Gdooal 
Banllej-Wilmot,  E.A.  in  1S5S,  and  ii  u  follows  :— 

Model. 

The  model  a  made  of  eagt-iron,  well  polished,  and  is  •omewliAt  laifier  than  tba 
reqnired  siie  of  the  gon  (or  howitier).  Prom  the  aeoond  leinforoe  to  the  mozile  it  ia 
cjlindricat. 

The  model  la  In  two  parti,  represenliog  the  gun  (or  howitier)  as  dirided  bj  « 
Tcrtioal  plane  passing  through  ite  axis,  the  tnuuionB  being  horiiontal. 

The  section  of  the  model  thus  formed,  is  accoratelj  cut  oat  of  a  smooth  cart-iroD 
plate,  which  forms  the  top  of  a  box  of  that  metal,  called  the  "moulding  &ame." 
There  is  conseqaentif  a  "  frame"  for  each  half-model,  within  which  the  latt«r  ia  so 
secnred,  as  to  sdmit  of  its  being  nieed  and  lowered  from  the  exterior. 

The  model  of  the  deadhead,  also  msde  o(  cast-iron,  is  separated  from  that  of  the 
gnn  (or  howitzer),  and  is  entire  in  one  peoe.  It  is  slightlj  conical,  for  couTemMMe 
in  withdrawing  it  from  the  mould. 

Mould  Boxa. 

tbej  are  made  of  cast-iron,  perforated  all  over  to  admit  of  the  escape  of  gas  when 
the  metal  is  ran  into  the  monld. 

The  box  which  is  to  contain  the  mould  of  a  gnn  (or  bowiUer)  is  dirided  into  two 
parts,  to  correspond  with  the  two  halves  of  the  model.  It  is  so  constraeted,  that 
when  placed  over  the  model,  portions  of  the  upper  side  can  be  remoied,  to  allow  of  the 
rammisg  of  the  ssiid,  and  when  the  mould  is  complete,  these  are  replaced  and  secured 
b;  means  of  pins  and  cotters.  The  mould  box  for  the  dead-head,  is  made  in  two  parb^ 
which  are  howeier  secured  together  before  it  is  used  for  receiTing  the  mould. 

Tht  Mould. 

The  mould  is  msde  of  a  mixture  of  an  open  sand  and  light  loam,  one  part  of  tba 

former  to  two  of  the  latter.     These  are  thorougUj  mixed  together  b;  potting  them 

into  a  mill  for  about  fire  minntes.     The  mill  consists  of  a  mrcntar  Iroagh,  on  which 

two  iron  rollers  revolra  ;  a  twisUng  motion  also  being  ^Ten  to  them  bjattaohing  them 

imlle.     After  Luviiig  b^pii  milled,  the  mixture  ia  jBisfa-d  thn 
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'  The  model  is  thoroughly  deaned  with  oil,  after  which  brick  dost  is  sprinkled  orer 
it,  in  order  to  prevent  the  mould  from  adhering  to  it.  The  mould  box  is  now  placed 
over  the  model,  and  secored  in  its  proj^r  position,  to  the  top  of  the  moulding  frame, 
by  means  of  pins  and  cotters.  The  top  plates  of  the  box  having  been  removed,  the 
ramming  of  the  mould  is  proceeded  with.  The  rammers  are  headed  with  tin  or  gun 
metal  in  order  not  to  ii^ure  the  modeL  When  the  space  between  the  model  and  the 
box  has  been  completely  filled  with  the  rammed  sand,  the  upper  surface  is  squared  off, 
and  the  top  plates  of  the  box  replaced  and  secured.  Sand  is  pressed  into  all  the 
ventilating  holea,  through  which  the  mould  is  perforated  with  an  iron  pricker,  to 
within  J  of  an  inch  of  the  inner  surface. 

Mould  for  Dead-Head, 

The  model  of  the  dead-head  is  placed  on  its  largest  end  over  a  shoulder,  raised  on  an 
iron  plate  prepared  to  receive  it.  The  upper  end  of  the  model  is  closed  with  a  circular 
plate  of  iron,  having  a  hole  in  its  centre.  Through  this  hole  is  passed  an  iron  rod, 
the  lower  end  of  which  is  screwed  into  the  plate  on  which  the  model  rests,  pressing  the 
upper  end,  formed  into  a  loop  down  upon  the  top  of  the  model,  which  is  thus  secured 
in  an  upright  position. 

The  mould  box  is  now  lowered  over  the  model,  and  made  to  fit  over  a  shoulder 
raised  on  the  same  iron  plate  to  which  the  model  is  secured.  It  is  now  ready  for 
ramming  the  mould. 

When  the  moulds  are  completed,  they  are  washed  with  tan-ash  and  pipe  clay, 

mixed  in  water : — 

8  Sbs.  tan -ash, 

\  &.  pipe- clay, 

2  gallons  of  water. 

This  prevents  the  mould  from  adhering  to  the  metal. 

In  order  thoroughly  to  dry  and  heat  the  moulds,  they  are  baked  in  an  oven  for  about 
fourteen  houis,  previous  to  which,  however,  the  two  half-moulding  boxes  are  secured 
together. 

When  required,  the  moulds  are  removed  from  the  oven,  the  dead-head  box  secured 
to  that  containing  the  gun  (or  howitzer)  mould,  and  over  the  junction  of  the  two  boxes 
is  plastered  some  worked  loam,  to  prevent  the  metal  finding  its  way  through  it.  The 
whole  is  then  lowered  into  a  pit  in  front  of  the  furnace,  and  is  ready  to  receive  the 
molten  metaL 

The  Furnace, 

The  furnaces  at  present  employed  are  reverberatory — they  are  capable  of  holding 
metal  for  casting  one,  two,  or  more  guns  according  to  their  nature,  and  according  to 
the  requirements  of  the  service^^  By  this  means,  the  process  of  casting  is  continued 
without  intermission  throughout  the  year ;  the  men  are  kept  constantly  occupied,  and 
at  the  same  time,  the  means  are  at  hand  to  supply  any  demand  that  may  be  made 
upon  the  establishment. 

The  Metal. 

The  metal  is  an  allpy  of  copper  and  tin, — ^ninety-one  parts  of  the  former  to  nine  of 
the  latter.     It  is  essential  that  both  should  be  of  the  purest  character. 

Fud. 

The  metal  is  melted  with  coal,  in  the  place  of  oak-billets  which  were  formerly 
employed  for  that  purpose.    Chemical  analyses  have,   on  several   occasions,   been 
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nude,  tha  nanlt  at  which  prored  that  the  mstal  did  not  in  an;  wkj  ■<itto  ftom  the 
mppoMd  inpuTitiet  of  tte  fnel.  The  fnmue  ii  diuged  both  with  sod  and  metal  before 
being  lighted.  Aboat  a  qnaitei'  of  an  hoar  betiite  the  metal  ii  nm  from  the  fiimaee, 
it  u  at  abort  interrila  palled,  that  ia,  stirred  tt^ether  by  meani  of  hop-polea ;  and 
alao  during  the  whols  time  of  ita  nuwing  from  Uie  fiimsM,  Hie  aic  being  oarefiillj 
excluded. 

Dnder  the  tap-hole,  lo  ai  to  teeeiTe  the  meUl,  ia  placed  an  iron  trongh,  the  aidei 
•nd  bottom  of  vhi«h  are  coated  with  loun,  and  wall  dried.  It  extend*  frooi  the 
fnniace  to  the  top  of  the  moald.  That  end  of  it  whieh  is  oier  the  mould,  tanninatei 
in  a  cjliDdric&l  pipe  aboat  eigkl«ea  inches  long,  which  lead*  into  the  monld,  and  ia 
alao  coated  with  loam.  The  hole  in  the  bottom  of  the  trough  leading  into  thia  fift,  ia 
(topped  with  a  cla;  plug  attached  to  a  rod  held  by  a  man  placed  ibr  the  pnrpaa*. 
'When  a  aofficiant  qnantit;  of  metal  haa  been  rrm  into  the  troogh,  making  it  about  aii 
inohea  deep,  the  ping  ia  lifted  a  short  distance  onljr  at  fin^  eo  tliat  the  metal  ahonld 
not  Ikll  in  too  great  a  Tolnma  upon  the  bottom  of  the  mould.  It  ia  then  antird; 
remoTsd,  and  the  metal  allowed  tn  mn  freelj  into  the  mould  till  it  ia  filled,  whan  ehar- 
ooal  ia  thrown  od  the  top  of  it. 

The  caat  remaina  in  the  pit  for  aboat  24  lumra^  after  which  it  majr  he  taken  oat  at 
eonTenienee,  the  moolding  box  remaining  oa  abont  eighteen  hoon  longer.  When  the 
latter  has  been  removed,  and  the  gan  (or  howitier)  cleaned  from  the  monld,  it  ii  taken 
to  the  lactorr,  where  it  nndergoee  the  following  operatdone : — 

BemoTing  dead-head. 

Centering. 

Turning  exterior. 


Taming  tt 

Planing  between  ti 

Bonching  or  Tenting. 

Piuialiing  Tent  field  and  bonnion  ahoulden. 

Engraving,  ka. 

All  these  openUona  ate  not,  howoTer,  completed  until  the  gnn  (or  howitaer)  has 
been  proved.     Onlf  so  mach  of  them  is  done,  as  will  Gt  it  for  the  varioaa  proo&  to 
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country  baa  had  no  standard  by  which  to  regulate  either  the  quality  or  price  of  this 
most  important  branch  of  war  material. 

Economy  is  evidently  the  medium  through  which  the  question  has  been  looked  at,  and 
in  consideration  of  which,  a  system  so  disadvantageous  has  been  allowed  to  continue. 

But  the  few  months*  experience  gained  by  the  Qovemment  establishment^  working 
under  every  disadyantage,  has  put  it  beyond  a  doubt,  that  the  country  need  not  be 
dependent  upon  private  founders,  eyen  on  the  ground  of  economy,  for  its  supply  of 
Iron  Ordnance  of  any  description. 

This  is,  however,  a  question  where  liberality,  wisely  and  systematically  regulated, 
can  alone  constitute  true  economy,  and  that  system  is  the  most  economical,  which  will 
best  promote  the  knowledge  and  improrement  of  Artillery— one  essential  element  of  a 
nation's  power  by  land  and  sea. 

The  interests  of  the  country  demand  that  the  material  best  suited  to  the  purposes 
of  Artillery,  should  be  known  and  alone  employed. 

Our  method  of  proof  determines  nothing,  as  regards  the  endurance  of  Ordnance, 
and  is  a  proof  in  name  only,  the  existence  of  which  is  a  matter  of  astonishment  to 
erery  one  sufficiently  informed  to  understand  the  question. 

The  information  required  in  this  matter,  can  only  be  obtained  by  careful  and  exten- 
dye  experiments,  inyolving  considerable  expense  ;  whereas  our  system  of  supply  has 
been  a  mere  oommercial  speculation,  necessarily  inyolving  profit  as  the  chief  ingredient 
in  the  transaction.  Even  if  the  large  profit  secured  by  the  founder,  enabled  him  to 
carry  out  experiments  to  a  certain  extent,  "he  alone  obtained  the  information  and 
experience,  which  it  is  his  interest  also  to  retain,  thus  leaving  the  country  in  the 
position  of  contributing  to  the  support  of  an  establishment,  over  which  it  has  no 
control,  and  from  the  benefit  of  which  it  is  in  a  great  measure  excluded. 

This  has  also  resulted  in  cutting  off  all  the  means,  by  which  Artillery  Officers  might 
have  become  practically  acquainted  with  a  subject  that  so  nearly  concerns  them. 

Whatever  may  hereafter  be  adopted  in  regard  to  the  material  or  construction  of  our 
Ordnance,  there  appear  to  exist  strong  reasons  why  the  Qovemment  should  have  an 
establishment  under  its  own  control,  in  which  to  carry  out  the  manufacture,  thereby 
gaining  aU  the  information  and  experience  on  the  subject,  which  it  ought  to  be 
possessed  of. 

It  can  scarcely  be  argued  that  any  advantages  pertain  to  a  country,  from  its  Qovem- 
ment being  kept  in  entire  ignorance  of  a  subject,  on  which  the  safety  of  that  country 
so  materially  depends. 

Whatever  means  are  taken  to  secure  it,  it  is  very  important  that  the  country  should 
have  in  its  employ,  and  under  the  control  of  its  Qovemment,  men  possessed  of  all  the 
necessary  experience  and  information,  .whose  interests  would  in  no  manner  or  measure 
clash  with  the  interests  of  the  country. 

The  value  of  such  men  would  especially  be  felt,  when  the  casting  resources  of  the 
country,  as  in  the  last  war,  should  be  called  upon,  to  meet  any  sudden  emergency. 
Private  founders  would  have  the  assistance  of  men,  whose  experience  would  qualify 
them  to  superintend  the  manufiicture  of  such  special  war  material,  and  the  country 
would  have  some  guarantee  that  the  supply  was  fit  for  its  intended  purposes. 

In  every  point  of  view,  the  old  system  operated  to  the  disadvantage  of  the  country, 
and  it  is  mainly  due  to  the  urgent  representations  of  Colonel  Eardley-Wilmot,  B.A., 
that  this  system  has  at  last  been  broken  through. 

The  present  Iron  Qun  Factory  commenced  its  operations  in  March  1858.  These 
have  necessarily  been  very  much  of  an  experimental  character. 

The  following  is  a  description  of  the  mode  of  manufiEictare  at  present  carried  on  ia 
that  establishment. 
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IngrtdierUt  of  Afmdili. 

Tha  gna  manld  i>  made  of  >  e^ayej  nnd,  atmndanl  in  th«  neighbonrbood  of  Wool- 
wich ;  the  proportion  of  cd&j  being  uooll. 

The  propertr  of  Uie  und  is  to  moke  a  poroiu  monld,  noi  coDtiaetiiig  with  heat,  and 
T«taining  ita  form  with  great  Grmneu,  when  united  with  a  amall  proportioii  of  claj. 
Too  niDoh  of  the  latter  woald  eaoBe  the  mould  to  eoutract  when  healed. 

i.  amall  quantitj  of  coke  and  ooal  dust  is  miied  with  the  land.  The  dnit  fonaed 
of  ODe  of  ooal  to  two  of  coke,  is  added  to  (he  uod  in  the  pcoportion  of  ODa  to  ffl^t. 
It  t«iida  to  bind  the  mould,  but  at  the  tame  time  adds  poroeitj  to  it.  It  ihonld  ba 
ppre,  not  ooDtaining  more  than  one  per  ceot.  of  lalphiir,  u  the  formation  of  lalphnnt 
of  iron,  when  the  molten  metal  ia  nm  bio  the  mould,  would  act  aa  a  cement,  tending 
to  make  the  mould  adhere  to  (ha  eait,  and  canatDg  mnch  additional  labour  in  remor- 
ing  it,  baCore  the  goa  can  be  tamed. 

Millisff. 

The  Band  and  dmt  are  well  mixed  together  in  a  mill.  The  mill  conuita  of  a  tir- 
enlar  iron  trough,  on  the  bottom  p1at«  of  which  two  iron  roUara  rarolTe,  a  (wjating 
lDo([on  being  given  to  them  b;  attaching  them  to  a  short  ipindle  or  aile. 

After  having  been  milled,  (he  miitore  ia  poned  throngh  aieiea  of  fonr  meebea  to  tha 
inoh,  when  it  ia  fit  for  ramming,  and  ia  used  for  ererj  part  of  (he  gnn  monld,  except 
the  caaeable.  Tha(  part  which  receivea  tha  latter  ia  itreagthened  by  having  oow-faair 
mixed  with  It,  in  order  to  enable  it  the  better  to  i«aiit  the  flnt  fidl  of  the  molton 

The  aaod  and  hair  are  milled  together,  the  rollen  employed  having  projeetiont  or 
teeth  on  each  aide,  in  order  to  mix  tlem  more  tboroaghly. 

This  miitare  ia  baked  qnite  dry  and  allerwardi  gronad,  when  equal  qnantitiei 
of  it  and  the  sand,  with  the  proper  proportion  of  coke  and  coal  dnal,  are  milled 
together,  and  passed  throngh  neves  as  before. 

Modd. 

The  model  of  the  gun  and  dead-head  is  made  of  caat-iron,  the  projecting  patti,  aneh 

as  the  base  ring  and  (he  awell  of  (ha  mniile,  being  made  one-eighth  of  an  inch  larger 
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flange,  to  a  east-iron  oirenlar  plate  on  which,  eoncentrie  with  the  model,  ii  a  nuaed 
shoulder,  for  the  mould  box  to  fit  round,  and  thus  to  giye  the  required  thickness  ot 
sand  to  the  mould  when  rammed. 

Mould  Box, 

The  mould  box  is  also  made  of  cast-iron,  being  divided  into  parts  to  correspond  to 
the  dirisions  of  the  model.  With  the  exception  of  those  for  the  cascable  and  breech, 
which  are  each  in  one  piece,  all  the  boxes  are  formed  of  two  longitudinal  halres,  with 
exterior  flanges  perforated  for  bolts. 

The  two  halres  are  secured  together  when  required  to  receive  the  mould,  and 
loosened  when  the  mould  is  to  be  remoTed  from  the  east. 

The  boxes  are  also  cast  with  external  flanges  round  the  upper  and  lower  rims, 
which  are  perforated  with  holes  for  pins  and  cutters,  by  which  the  various  boxes 
containing  the  mould  are  fastened  together,  when  lowered  into  the  pit  to  receive  the 
molten  metal. 

In  order  that  the  boxes  may  fit  each  other  accurately  when  put  together,  there  is  a 
raised  shoulder  on  every  alternate  flange,  with  a  corresponding  depression  in  the 
others.     All  these  are  finished  ofif  in  a  latbe,  to  secure  the  greatest  exactness. 

The  trunnions  are  cast  separately  and  in  halves,  and  are  screwed  on  to  their 
respective  parts  of  the  model. 

Moulding, 

The  breech  model  is  secured  to  the  plate,  the  largest  diameter  downwards.  The 
mould  box  is  placed  over  it,  and  the  mould  rammed. 

The  cascable  is  then  fastened  to  the  breech  by  means  of  an  iron  pin,  passing  through 
the  former  and  screwing  into  the  latter. 

The  cascable  mould  box  is  placed  over  the  model  and  the  mould  rammed.  A  cir- 
cular cast-iron  plate  is  then  fastened  over  the  upper  surface,  on  which  the  whole 
mould  box  rests  in  the  casting  pit. 

Part  4  (ftx>m  the  first  reinforce  ring  to  the  centre  of  the  trunnions),  is  secured  to 
the  plate  with  its  trunnion  end  downwards.  After  the  mould  is  removed,  the  m^del 
is  unscrewed  from  its  trunnions  and  withdrawn,  the  mould  being  afterwards  raised. 
In  all  the  other  parts  the  larger  diameter  of  the  model  is  downwards,  and  the  mould 
when  rammed  can  therefore  be  drawn  over  it. 

Iron  rods  with  the  head  somewhat  enlarged,  are  employed  in  ramming  the  dilTerent ' 
parts  of  the  mould,  which  when  finished  are  washed  with  a  blacking  made  of  coke 
dust  and  clay  water.     Tbey  are  then  baked  in  ovens  for  about  86  hours,  and  not 
withdrawn  until  required  for  use,  as  it  is  important  to  have  them  perfeeUy  free  from 

moisture. 

Fwmace, 

The  furnaces  employed  are  reverberatory.     Their  dimensions  are  as  follows. 

DIMENSIONS  OF  TUBNAOB. 
ExttTtOT, 

Length 28  ft.  Si  in. 

Width 6  „  7    „ 

Chimney 6  ,,  4    ,, 

IWUriior, 

Length 14  ft. 

Width 6  ft.  8    in. 
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„    ,^    rAtwell Bft 

"*P*   Utthroat      ....  1„  lin. 

Width  at  throat S  „ 

Chimnej S4  'set  oqaon. 

Height  of  Chimnej  .  .  fi7    „ 

B^itrienM  'a  (he  bttt  teat  at  Uie  right  proportions  io  be  given  to  mj  fonuM. 

It  ia  not  desirable  to  hare  one  part  of  the  metal  melted  any  Length  of  tiina  before 
anoUier,  and  therefore  tbe  gDneral  melting  capabilitiea  of  the  famace  and  fuel,  moat 
determine  the  quantity  of  metal  beyond  which  a  fuoace  Hboold  not  be  charg«d. 

Tbe  larger  fumacea  of  the  Eatabliahment  could  contain  twelve  tooa,  but  t)M}  are 
never  charged  with  more  than  half  that  qiuutity.  If  tbe  gon  (o  be  east  reqaircs 
more  tluui  mx  tona  two  fomaces  are  employed.  The  fiiea  are  lighted  and  the  fdmaoes 
heated,  before  the  latter  receive  the  charge  of  metal. 

Catting  Pit. 

Owing  to  the  low  podtion  of  the  foundry,  in  order  to  lieep  them  hee  &om  water, 
it  TBS  fbnnd  neceesacy  to  line  tbe  caatdng  pite  with  boiler  plates  riretted  together. 
There  ia  now  no  difficulty  with  them. 

There  are  ten  pits,  one  to  each  fnmace.  They  are  each  twenty  feet  long  by  tight 
feet  wide.    fiaU  the  number  are  twenty  feet,  and  the  other  half  fifteen  feet  in  depth. 

Two  gnna  are  caet  in  each  pit,  bat  were  it  neoessary,  the  pits  could  hold  doable 
that  number. 

The  monlda  rest  on  a  cast-iron  plate  which. is  supported  on  two  brick  walls,  raised 
the  required  height,  on  the  bottom  of  the  pi^  which  ia  thus  in  a  great  meaBure 
protected  &om  injury. 

J'uri. 

It  is  conunenn^ly  known  as  the  best,  Torkshire  oonverting  coaL  A  sampla  of 
everj  cargo  is  analysed,  and  that  which  ia  small  or  that  which  containa  nuns  than  one 
per  cent,  of  solphnr  is  rejected.  The  coal  used  should  be  capSible  of  prodacuig  grekt 
hcat^  under  the  ordinary  drcoaulancca  of  an  air  furnace. 
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There  is  little  doubt  bat  that  the  analyses  to  which  the  material  snpplied  to  the 
departmentfi  is  subjected,  and  on  the  resolt  of  which  in  a  great  measure  depends  its 
reception  or  rejection,  will  tend  to  raise  the  quality  of  such  articles  generally. 

Running  the  Metal, 

The  metal  does  not  run  immediately  from  the  tap-hole  to  the  mould,  but  is  received 
into  a  reservoir,  capable  of  containing  the  quantity  required  for  the  gun. 

The  reservoir  is  a  four-sided  wrought-iron  box  with  its  interior  coated  with  loam, 
which  is  dried  before  use.  Wrought-iron  gutters  also  lined  with  loam,  conduct  the 
molten  metal  from  the  tap-hole  to  the  reservoir,  and  from  the  latter  to  the  mould. 
An  opening  in  the  side  of  the  reservoir  nearest  the  mould,  is  covered  with  an  iron 
door  coated  with  loam. 

When  the  required  quantity  of  metal  has  run  into  the  reservoir,  this  door  is  lifted, 
when  the  metal  flows  into  the  gutter,  by  which  it  is  conducted  into  the  mould. 

The  gutter  terminates  in  an  iron  loam  coated  pipe,  about  84  inches  in  diameter, 
which  passes  about  eighteen  inches  down  the  centre  of  the  moald. 

Its  object  is  to  give  a  perpendicular  direction  to  the  flowing  metal,  which  is  thus 
prevented  from  striking  against  the  sides  of  the  mould  in  its  descent. 

Trunnion  Plates. 

To  prevent  the  impurities  floating  on  the  top  of  the  metal,  from  entering  the 
trunnion  holes  of  the  mould,  they  are  covered  by  wrought-iron  plates.  These  plates 
are  attached  to  long  iron  rods,  the  tops  of  which  project  about  eighteen  inches  above 
the  mould. 

Two  men  attend  to  these  rods,  holding  them  firmly  in  their  "pnyer  position  until 
the  metal  has  risen  above  the  plates,  when  they  are  withdrawn. 

Removing  Cast  from  the  Pit. 

The  larger  guns  are  allowed  to  remain  from  four  to  five  days  before  they  are 
removed  from  the  pit. 

The  parts  of  the  mould  box  above  the  trunnions,  arc  drawn  up  before  the  cast  is 
raised.  In  order  to  do  this  the  pins  and  cotters  securing  them  together  are  removed, 
and  the  longitudinal  fastenings  loosened.  The  whole  is  then  raised  and  the  remainder 
of  the  mould  also  removed. 

Boring  MiU, 

When  the  cast  has  been  cleared  from  the  mould  it  is  taken  to  that  part  of  the 
establishment,  called  the  Boring  Mill,  where  it  undergoes  many  other  operations. 
(VideTMe.) 

With  every  gun,  there  are  also  cast  from  the  same  metal  and  at  the  same  time,  two 
bars  and  a  ring.  The  former  20  inches  long  by  2  inches  square^  the  latter  of  the 
same  diameter  as  the  testing  ring  of  the  gun. 

The  testing  ring  is  that  part  of  the  dead-head  immediately  beyond  the  muzzle 
which  is  left  on,  as  by  it  the  fore  part  of  the  gun  is  suspended  whilst  undergoing 
some  of  tho  operations  enumerated. 

The  above  specimens  of  the  iron  of  which  each  gun  is  made,  are  subjected  to 
mechanical  tests,  the  description  of  which,  as  well  as  of  the  several  examinations  and 
proofs  a  gun  undergoes  before  being  received  into  the  Service,  more  properly  comes 
under  the  head  of  **  Proof  of  Iron  Ordnance." 
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OptnUioitt,  in  (&«tr  order,  ptiformed  in  ikt  manufaelHrt  of  Inm  Own*.  Tht 
Tnunher  (fftke  variou$  marina  lit  tht  olaNUknent.  TAc  artrage  lime  for 
each  operation,  vrilli  a  SS-Pounder  Qvn  of  95  cvt. 
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daetion  of  other  fbnns  snoh  is  fat  or  irregular  sorfMes,  tlie  tedious  operation  of  the 
chisel  and  file  had  to  he  resorted  to,  the  work  thns  performed  heing  consequently  not 
only  imperfect  hnt  necessarily  most  expensive. 

By  the  Taried  application  of  the  sliding-rest  and  other  modifications  of  the  principle 
of  prodaction  hy  copying,  — in  contradistinction  to  that  of  obtaining  the  form  by  the 
skill  of  workmen, — an  extraordinary  derelopment  has  been  giren  tou  almost  erery 
branch  of  the  metal  and  wood  mannfactores,  both  in  onr  own  and  every  other  pro- 
gressing  country ;  and,  by  keeping  steadily  in  view  that  the  object  uf  snch  machinery 
is  to  have  within  the  apparatus  the  mathematical  forms  which  are  required  in  the 
articles  to  be  produced,  the  apparent  complicacy  will  ranish  and  render  the 
mechanism  employed  to  make  such  apparatus  available — easily  understood. 

By  this  combination  of  guiding  the  cutting  tool  in  preconstructed  lines,  instead  of 
having  it  held  and  determined  by  the  skill  and  physical  power  of  the  workman, 
together  with  the  introduction  of  the  self-acting  or  automaton  principle  whereby  not 
only  the  form  but  the  movement  and  the  rate  of  cutting  are  contained  in  the  machine, 
the  operation,  so  far  as  the  workman  is  concerned, — with  the  exception  of  sharpening^ 
and  fixing  the  cutting  tool, — may  be  considered  as  entirely  mental.  It  is  interesting 
to  observe  in  passing,  that  the  great  and  distinguishing  peculiarity  of  the  turning 
lathe,  even  in  its  most  primitive  form  of  construction,  such  as  in  the  old  Gun -boring 
mills  of  a  hundred  years  ago,  and  that  from  which  its  success  was  wholly  derivable, 
was  the  mathematical  circularity  obtainable  by  causing  it  to  turn  upon  a  central  axis, 
an  invention  probably  coeval  with  the  use  of  a  pair  of  compasses  for  describing  circles, 
and  which,  in  all  likelihood,  had  suggested  the  idea  of  t'he  lathe  principle.  By  causing 
a  gun  or  other  article  to  turn  upon  a  centre-point,  and  holding  the  cutting-tool 
steadily,  either  by  the  hand,  or  still  better  by  fixing  it  in  some  rough  and  ready  vice, 
as  was  the  custom  in  the  olden  time,  a  perfect  circle  at  the  muzzle  would  be  secured, 
which  circle,  when  made  to  revolve  in  a  bearing,  had  its  accuracy  transferred  to  the 
opening  of  the  bore  for  the  introduction  of  the  boring  bit,  the  construction  of  which 
was  again  adapted  fur  still  farther  transferring  the  truth  and  circularity  of  the  muzzle 
through  the  entire  length  of  the  bore. 

In  the  construction  of  modem  turning  or  boring  lathes,  there  is  not  only  the  means 
of  securing  such  circularity  by  convenient  and  handy  arrangements  ;  but,  in  addition, 
they  produce  as  a  result  of  the  invention  of  the  machine  for  planing  flat  surfaces, 
extreme  accuracy  in  the  parallelism  of  the  lines  of  the  several  parts.  This  arrange- 
ment, together  with  the  slide-rest,  or  copying,  and  the  self-acting  principles,  enables 
the  workmen  to  produce  the  smallest  and  the  most  ponderous  piece  of  mechanism  with 
equal  &cility,  and  with  a  mathematical  precision  which  is  difficult  to  be  appreciated 
by  those  who  are  not  practically  oonversant  with  the  subject.  And  not  only  is  it  in 
turning  and  boring  the  lathe  that  the  advantages  of  the  slide-rest,  copying  and  self- 
acting  principles  are  made  available,  but  also  in  all  the  other  kinds  of  machines  that 
are  employed  in  cutting  metal  into  other  forms  beside  the  circular ;  and  in  no  appli- 
cation have  the  advantages  of  these  principles  been  more  usefully  developed  than  in 
the  variously  constructed  machines  for  planing  either  flat,  horizontal,  vertical, 
angular,  concave,  convex,  or  irregular  surfaces.  In  all  these  are  the  straight  or  other 
mathematical  lines  to  be  copied  from  the  apparatus  and  transferred  to  the  work  under 
operation,  as  also  some  mechanical  arrangement  for  overcoming  the  resistances  of  the 
metal  to  be  cut,  for  giring  the  movement  to  the  several  parts  of  the  mechanism,  and 
for  actuating  the  self-acting  portion  of  the  apparatus.  By  means  of  these  planing 
machines  we  are  enabled  to  produce  any  description  of  surface  with  a  facility  and 
accuracy,  which,  before  its  introduction,  were  never  dreamt  of :  and  without  it,  there 
are  many  parts  of  the  machinery  about  to  be  described  that  oould  not  have  been 
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executed  eioept  *t  ui  inonlinate  eipetiae,  wbicli  would  hkra  pnctiiallj  prcdoded  tlia 
tdaption  of  nch  rafinement,  howcTsr  daiintble. 

The  Duchiner;  ukd  tools  noir  employed  in  the  mknabetnn  of  cumon  in  the  Boykl 
Araeoel,  Ime  b«en  ell  eonitraeted  within  (be  l««t  twentj  jeen. 

rrerioiu  to  the  year  176G,  the  Iffonie  ooiiod  made  et  'Woolwieh  were  bsed  in  > 
Tertical  poudon  mtuile  dowDwsrds,  the  gun  wea  e»t  epon  a  loam  eeae  a  little  — "^Hf 
than  the  required  bore,  the  gun  wee  then  eoepended  between  Tcrtioal  guide  polce  and 
made  to  reat  npon  the  cntting  instmment  employed  in  emoatbing  ont  the  interior ; 
by  meana  of  levers,  Uie  boring  bar  was  tamed  roond  by  aereral  men  walking  in  » 
urele  upon  the  floor,  the  gun  meanwhile  woe  allowed  to  deBoend  gradeally  upon  the 
boring  bit  until  the  bare  waa  completed. 

It  vonld  be  diffienlt  if  not  imposmble  to  produce  a  perfectly  tme  and  atraight  bore 
wiUi  the  toola  and  mewia  then  employed,  bat  it  ie  quealjonable  if  whQa  adopting  Uie 
more  oonTenient  and  economical  arrangement  of  horiiontal  boring,  there  hai  been  an 
improrement  in  the  obtalnment  of  ocncentricity,  or  in  the  mode  of  getting  rid  of  the 
diip*  &om  the  boring-tet ;  and  notwithstaudiug  the  fact  that  onr  more  reeent  eon- 
atmotiena  demgned  and  recmnmeaded  by  the  writer  are  on  the  horiiontal  utangemenl^ 
•till  he  would  hen  record  hie  opinion  that  if  again  called  npon  to  dnign  a  boring- 
mill,  &Dm  obeerTnUooB  and  the  experience  of  the  last  twelTemontha,  ho  wonld 
m-eoneider  the  qneetion  veiy  csrefnlly  before  recommending  that  the  horiiontal 
method  of  boring  ihonld  be  adopted. 

Aboal  (he  year  1T6G  an  entire  new  plant  of  boring  machinery  came  &iim  tbe 
Hague,  for  at  that  time  the  Dtatoh  were  the  great  engineera  of  tbe  world,  and  it  ie 
enrione  to  find  that  the  mastera  and  leading  worlunen  of  the  Gon  Poundrj  were  eithei 
iiom  Holland  or  Qermany  up  to  a  recent  period  :  it  was  only  in  ISOS  that  the  firat 
Bngli'luna"  wbb  intmiled  with  the  management  of  a  boring-milt,  and  the  laet  of  the 
race  of  foreign  mechanica  left  aboat  1818.  Tbeae  foreign  workmen  appear  to  hara 
been  br  in  adTanoe  of  oar  men,  botii  in  r^ard  to  reflnemeut  in  their  ideaa  and  in 
workmanahip,  they  had  rentable  elide  reata  for  eerloin  proceeeee  in  mortar-boring 
and  turning,  which  although  rude  ae  compared  with  the  more  modem  applicationa  of 
the  principle,  still  had  the  germ,  and  tiieee  no  doubt  had  been  seen  by  that  great 
man,  the  late  Henry  Uaodelay,  who  u  generally  coniidered  (he  inven((v  of  the 
aliding-reet.  fie  eerred  hie  apptenticeahip  in  the  Beyal  Anenal  and  donbtleaa  moft 
'ebcen  fnmiUiir  with  tlna 
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entirely  bj  hand  tools.  When  the  gone  wem  thna  bored  and  tamed  they  were 
remoTed  to  another  building  to  be  rented  and  turned  at  the  tmnnions.  Here  it  was 
placed  on  blocks  of  wood  while  the  sereral  holes  were  drilled,  which  was  performed 
by  two  men  with  a  crank  brace  drill,  the  pressure  being  oommonicated  from  heayy 
weights  placed  above. 

The  copper  rent  was  drilled  in  a  small  lathe,  the  motion  being  giren  by  two  men 
toming  a  fly-wheel,  while  the  drill  was  held  in  the  hand  of  a  third  workman.  In 
the  same  lathe  the  rent  was  turned  and  the  screw  formed  upon  it,  both  operations 
being  performed  by  hand.  When  the  copper  rent  was  screwed  into  the  gun,  the 
projeeUng  part  inside  the  bore  was  cut  or  wrenched  off  by  means  of  a  half  round  bit 
moved  by  hand.  The  gun  was  then  taken  to  another  building  to  have  the  trunnions 
turned,  here  it  was  placed  on  blocks  of  wood  with  the  trunnions  in  a  vertical  position, 
one  of  the  trunnions  was  then  divided  off  by  gauges  and  a  pair  of  compasies,  about 
a  quarter  of  an  inch  of  the  extremity  was  cut  to  the  proper  diameter  by  the  cMsel  and 
the  position  of  the  trunnion  determined  thereby.  Upon  the  part  thus  finished  there 
was  placed  a  circular  box  or  socket  having  a  cutting  tool  fixed  upon  its  under  side, 
while  at  the  upper  side  there  was  attached  a  vertical  spindle  which  received  pressure 
from  weights  placed  upon  the  top.  Long  levers  were  then  attached  to  this  apparatus 
and  several  men  kept  walking  round  in  a  circle  until  this  part  of  the  trunnion  was 
oompleted,  the  extreme  end  was  finished  by  the  chisel  and  file  ;  the  other  trunnion 
was  then  turned  uppermost  and  the  same  operations  repeated  upon  it,  after  which  the 
gun  was  placed  on  a  carriage  and  taken  to  another  building  to  be  fimshed  off  by  hand 
in  the  parts  not  yet  completed,  and  also  to  be  engraved. 

Such  was  the  rude,  tedious,  and  imperfect  system  in  1842,  when  the  necessity  of  a 
change  became  apparent  to  the  then  Inspector  of  Artillery,  the  late  Major- (General 
Dxmdas,  R.A.,  G.B.,  who,  perceiving  the  backward  condition  of  the  several  manu- 
fikctnring  departments,  entered  with  zeal  upon  a  course  of  improvement — all  the 
more  honourable  in  that  he  was  the  first  to  encounter  the  then  almost  insurmountable 
obstacle  of  obtaining  money ;  for  in  those  days  of  strict  economy,  it  was  no  easy  task 
to  effect  even  the  smallest  improvement :  but  by  his  untiring  perseverance,  very  great 
improvements  were  effected,  and  his  example  having  been  followed  up  by  his 
successors  (more  especially  the  present  talented  superintendant),  the  manufacture  of 
cannon  has  been  entirely  remodelled  and  extended.  The  writer  of  this  paper  has  been 
the  mechanical  engineer  engaged  in  carrying  out  most  of  the  several  changes. 

There  being  two  distinct  manufactories  of  cannon  in  the  Royal  Arsenal,  one  for 
brass  and  another  for  iron  ordnance,  we  shall  first  describe  the  machinery  of  the 
former,  it  being  the  oldest  and  first  established. 

Brass  guns  are  usually  cast  solid,  in  a  vertical  position,  with  the  breech  down- 
wards. Upon  the  muzzle  or  upper  end  of  the  casting,  the  mould  is  prolonged  for 
three  or  four  feet  for  the  purpose  of  increasing  the  density  in  the  lower  part  of  the 
mould  by  means  of  the  fluid  pressure  arising  from  the  superincumbent  metal  con- 
tained in  this  prolongation,  it  also  allows  the  sulUge  or  scoria  to  rise  towards  the 
surface  and  out  of  the  metal  composing  the  gun  proper,  and  it  affords  a  reservoir  of 
liquid  metal  to  allow  for  the  shrinkage  that  takes  place  in  the  lower  part  of  the  mass 
or  easting.  This  elongation  upon  the  upper  end  of  the  gun  is  technically  called  the 
dead-head. 

The  process  of  gun-casting  (as  now  practised  in  the  Royal  Brass  Foundry),  will  be 
found  treated  of  at  length  in  its  own  place,  but  it  may  be  here  remarked  in  passing, 
that  the  proper  material  for  the  moulds  of  brass  guns  is  not  yet  very  satis&ctorily 
determined  ;  and  there  is  considerable  difference  both  in  opinion  and  practice  with 
regard  to  its  nature  and  conditions.     It  is  generally  considered  that  that  is  the  most 
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parfect^  vhiidi  nmj  bs  found  to  poBscaa  the  aereral  qoklitiea  of  indeatractilBlilj,  aad 
the  not  oontainiog  of  anj  organic  or  other  mbetAnM  whiith  tnAy  eraln  gu.  For  tha 
l««t  two  hnodnd  fgaul,  Engliah,  (hrmao,  ud  Dotch  fonnden  have  ampJojed  k 
mizlnre  of  ailin  uid  alnmink  in  aofih  proportion!  u  would  r«nder  the  nlkdcnu 
portion  plutic  And  adhenre.  In  ths  neighboarhood  of  Woolvich,  a,  fins  natunl  loun 
b  fbnnd  nlmoit  r«kdf  to  (be  fbnnder's  handi,  but  in  genaral,  th«  fbnndar  haa  to 
aarefnllf  aeleot  hia  eta;  and  hii  land,  and  then  to  mix  them  in  proporiioni  mitabl*  fx 
the  intended  pnrpoM. 

A  perfeotjy  pore  silidons  mould,  if  by  an;  posnbilil?  it  oonld  be  teennd,  would 
doubtien  afloid  a  high  remtt  in  ere:?  reapect,  bnt  from  ita  vant  of  adhenon  vhan  in 
tha  coodilioi  of  pore  aand  it  ii  unfitted  for  tbia  purpose  both  in  holding  together  m  a 
monld,  and  in  bearing  (he  flow  of  the  liquid  metal.  The  iron  gnenund  foamlaT  ia 
enabled  to  me  a  miitore  not  fiu  remoTed  froiD  thia  ideal,  namely,  SS  of  eiliea,  S  of 
alumina,  with  probably  1  of  organic  imporitjea.  But  ancb  a  mixture  ia  defiaent  in 
■tiSdeaa  for  braaa  gun  oaiting,  more  ela?  is  required,  eveo  if  oeed  aa  aand,  and 
OMiaideiably  more  lo  if  it  ia  lo  be  the  mixture  called  loam.  It  might  be  preanmed  that 
aand  moulda  would  be  anperior  to  thoae  made  of  loam,  bat  here  other  eauaea  interfera 
that  tend  greatly  to  affect  their  ccnditionB  as  moulds  for  Casting  in.  When  loam  in 
the  plaatie  state  is  employed,  it  is  or  ought  to  be  not  only  baked  but  made  red  hot,  in 
order  to  ctoIto  the  gaaes  near  the  surface,  wiucb  is  brought  into  contact  with  tha 
liquid  metal,  which  gaaes  the  imparities  or  other  subalances  mixed  with  the  loam  may 
contain  ;  by  so  doing  a  moderately  good  mould  is  secured  so  &r  as  freedom  from  gaa 
bolea  in  the  outing  may  be  concerned :  but  another  ohieaUon  presents  itself  in  such  a 
mould,  namely,  ita  great  porosity,  arising  from  the  procen  which  allowa  the  metal  to 
penetrate  and  combine  with  tbe  inner  cmet  of  tbe  itrnctare.  Until  lately  anch  a 
anbalanoa  and  mode  of  procedure  waa  carried  on  in  iJie  anenal,  and  nearly  perfect 
oaatlnga  were  uniformly  produced  (hereby,  but  the  plan  waa  open  to  the  said  objec- 
tion, and  tha  peccentsge  of  loss  of  metal  waa  greater  than  when  a  cloaer  mould  made  of 
purer  material  Oui  be  Tentoied  on, 

Tbe  material  now  employed  in  the  Royal  Braaa  Foundry  ooniiBto  of  a  mixtnta  of 
dean  sand  and  loam,  forming  a  sand  eontainlDg  aboot  SO  per  cent  of  silica,  about  6  <tf 
alnmina,  and  probably  2  per  cent  of  imparities  mostly  organio.  The  first  ingredient 
ia  tlie  only  essential  one,  any  other  non-gaseoua  but  adhevTo  anbatanoa  would  aarre 
il  tlj^  MTiil  B-uLilil  U-  :dl  l\„-  licttgr  if  it  cQulii  be  ubt^aeJ  » 
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The  mould  is  again  placed  in  the  kiln,  made  red-hot  nntil  the  snrfaee  is  ritrified, 
then  prepared  for  the  liquid  metal ;  hy  this  means  an  indestructible,  non-gaseous  and 
impenetrable  mould  is  secured. 

Another  material  which  has  been  adopted  by  Mr.  Ames,  of  Chicopu,  is  found  to 
answer  the  purpose  equally  well ;  it  consists  of  the  substance  termed  kaolin,  used  for 
making  china  ware  ;  this  is  carefully  selected,  then  ground  fine  to  a  powder,  and 
rendered  adhesive  by  a  small  quantity  of  pure  pipe-day  water,  and  then  used  in  the  same 
manner  as  the  fire-brick  mould.  Both  the  fire-brick  and  the  kaolin,  from  their  purity, 
afford  a  better  material  for  this  purpose  than  either  loam  or  sAi^ttoless  they  could 
be  obtained  perfectly  pure  and  entirely  free  from  any  regetable  or  mineral  substances 
capable  of  generating  gas. 

Aoonsiderable  effort  was  made  a  few  years  since  to  exhaust  the  air  and  other  gases 
from  the  interior  of  the  mould  previous  to  and  during  the  reception  of  the  liquid  metal ; 
but  the  advantages  were  not  found  to  warrant  the  trouble  and  exx>ense  involved  in 
carrying  out  the  process. 

To  render  the  description  of  the  machinery  more  distinct,  it  is  expedient  to  take  a 
gun  as  it  comes  from  the  foundry,  and  refer,  in  passing,  to  the  fifteen  distinct  processes 
to  which  it  is  subjected  during  the  manufacture. 

Tbe  first  operation  in  the  gun  manufacture  is  to  cut  off  the  dead  head  ;  this  is  per- 
formed in  a  turning  lathe  of  the  ordinary  construction,  but  having  some  additional 
apparatus  which  was  designed  by  the  writer  in  1848,  adapting  that  machine  to  this 
especial  purpose.  By  means  of  a  crane  the  rough  gun  is  placed  within  the  lathe, 
having  the  ca80abl%inserted  into  a  holder  or  chuck  upon  the  end  of  the  running  and 
driving  spindle,  (fig.  1.,  Plate  I.)  while  the  other  end  is  supported  by  allowing  the  muzzle 
to  rest  in  a  bearing  of  peculiar  construction,  with  the  dead  head  projecting  over.  (Fig.  2.) 
This  apparatus  for  holding  the  muzzle  of  the  gun,  will  be  understood  by  reference  to 
that  figure.  A  represents  a  section  of  the  cannon,  lying  in  an  adjustable  bearing 
formed  like  the  letter  Y  ;  it  is  made  of  the  Y  form  in  order  to  adapt  it  to  different 
diameters,  which  it  does  by  means  of  the  vertical  adjustment ;  a  hinged  bar,  B,  is  laid 
over  the  top  of  the  gun  to  prevent  it  from  rising  upwards  when  a  thick  shaving  is  being 
sliced  off  by  the  parting-tool.  As  the  rough  gun  is  irregular  in  form,  this  bar  is  kept 
down  by  a  helical  spring,  the  elasticity  of  which  adapts  itself  to  those  irregularities. 

The  cutting  or  parting-tool,  G,  is  held  in  a  sliding-rest,  which  is  not  shewn,  by 
means  of  which  it  is  moved  in  a  horizontal  line  towards  the  centre  of  the  mass  of 
metal,  or  until  the  dead  head  drops  off  ;  to  prevent  this  falling  mass  from  damaging  the 
lathe  i^log  of  wood  is  laid  across  the  bed,  upon  which  it  falls  ;  this  operation  requires 
from  twenty  to  thirty  minutes. 

There  are  three  chief  points  requiring  to  be  observed  in  adjusting  the  apparatus  to 
perfi>rm  this  operation  :  fir.'>t,  to  place  the  gun  in  a  level  position,  or  at  least  parallel 
with  the  lines  of  the  lathe  bed  ;  second,  that  the  cutting-instrument,  which  consists  of 
a  thin  bar  of  steel,  may  have  sufficient  clearance  to  avoid  unnecessary  friction,  that  is 
to  say,  that  the  cutting  edge  make  an  incision  sufi^ciently  broad  to  admit  the  tool 
without  touching  the  metal  of  the  gun ;  and  thirdly,  that  the  cutting  edge  of  the 
instrument  is  set  to  cut  in  a  line  about  the  fiftieth  of  an  inch  under  the  centre  ;  if 
this  line  is  above  the  centre  it  is  constantly  liable  to  catch  hard  into  the  metal,  and 
get  broken,  or  if  it  is  much  under  the  centre  the  point  is  apt  to  break  off,  from  the 
direction  in  which  ihe  strain  of  cutting  comes  against  it. 

The  second  operation  of  manufacture  is  to  find  the  centre  of  the  mass  of  metal,  and 
then  to  drill  a  conical  hole  at  both  ends  of  the  gun  ;  these  two  holes  oonstitute  what 
are  termed  the  centres  or  axes  upon  which  the  gun  turns  during  the  fatnre  processes 
of  mannfjftcture. 

VOL.  II.  O  O 
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The  piindple  upan  which  this  opanUon  of  finding  the  oentn  of  a  mua  ii 
dependent,  consiEti  in  bkring  Mrtwn  point*  on  which  to  reat  tha  gon,  then  ptnnt* 
being  so  conrtractad  u  to  be  eqiuUj  dislaot  at  kU  time*  bvm  *  fixed  emtn,  wul  by 
ktranginit  the  drilla  that  mike  the  oonical  hole*  lo  be  >l*aji  in  (he  line  of  the  fixed 
oentre  referred  to.  The  machine  whioh  is  emplo;ed  for  this  opentioB  vai  dodgnad 
bj  the  writer  in  ISIS.  It  na  the  fint  machine  naed  for  thia  porpoae,  and  ii 
defective  in  lome  respacta  ;  nnoa  that  time  ureral  others  hsre  bean  Bonatraated,  both 
for  onr  own  and  other  coantries;  one  of  the  beat  and  moat  nemt  vill  be  fbond 
referred  to  under- Ika-hitad  of  Iron  Ordnance. 

Fig.  S  ia  a  plan  of  the  centering  machine.  A  ii  a  cast'iron  bed  Testing  upon  thiaa 
legs  or  alandarda  B.  Tbe  npper  edgea  of  the  bed  are  conitmotad  in  the  fium  of  A  (or 
angular)  and  fiat  anr&ces,  all  oorreotlj  planed  and  forming  troa  and  paiallel 
supporting  anifKea  for  the  seven!  parts  of  the  machine  to  rest  and  slide  npon. 

G  C  are  two  framea  or  aaddlea  resting  npon  Uie  laUie  bed  and  GuUned  la  it  when 
adjnated  for  particniar  gnns  bj  means  of  bolts  (A).  Each  of  theae  ftamea  is  pKirided 
with  three  elidea,  two  honiont&l,  and  one  Tortinl,  and  all  have  a  nmnltaneoos 
motion  by  toming  the  handle  Aeel  (i) ;  by  tnnung  in  ona  directimi  all  pnoeed 
towards  the  centre  of  the  machine ;  bj  turning  the  other  way,  llie  three  slides  pro  need 
at  an  eqoal  rate  from  t!ie  centre,  and  the  points  or  cKtranutiea  of  Moh  of  tbe  tiiree 
slidea  aie  eqnally  distant  from  the  aentre  in  every  poution. 

Kg.  <  is  an  elevation  of  this  nddle  frame ;  it  oontaiaa,  first,  the  two  hoiiK«tal 
alidee  (£),  and  second,  a  vertical  slide  (q).  The  two  fmner  ais  actoated  by  acnnva 
formed  on  tbe  spindle  (2).  The  one  screw  however  bung  out  to  jhe  right  hand  and 
the  other  to  tlis  left  hand,  they  neoeautrily  move  in  oppoote  direotions  to  or  fram 
the  centre.  The  vertical  slide  is  actuated  by  a  similar  screw,  receiving  iU  motioB 
from  the  horisontal  screw  spindle  by  means  of  a  pair  of  bevel  wheels,  both  wbeela 
having  an  eqoal  number  of  teeth  ;  it  therefore  follows  that  by  toining  the  handle  the 
three  slides  move  to  or  &om  the  oentre  nmnltaneDosly ;  and  oimseqaently,  if  the 
extremities  of  the  slides  are  in  the  oonstmction  of  the  machine  made  aqoidistant  from 
this  centre,  it  is  evident  that  any  roond  mass  laid  apon  the  vertical  sod  then  lused 
npwnrds  nntil  the  hoiiianUi  slidee  grip,  the  gun  will  be  bronght  thereby  into  a 
centrical  position . 

E  B  Sg.  3,  are  two  hand-drilling  machines  placed  npos  the  bed,  having  the  wds  of 
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moyes  the  hand-wheel  (o)  which  feeds  the  cat.  The  whole  operatioo,  indadlng  the 
putting  the  gun  into  the  machine  and  taking  it  ont  again,  may  be  acoompliahed  in  lees 
than  a  quarter  of  an  hoar. 

The  third  operation  is  to  pat  the  gon  into  an  ordinary  taming  lathe,  bat  made 
expressly  for  this  purpose,  in  order  to  hare  certain  parts  of  the  exterior  surface 
turned  ;  this  is  done  partly  to  reduce  the  amount  of  taming  required  daring  the 
fourth  operation,  and  to  hare  certain  rings  formed  for  assisting  the  determination  of 
the  position  of  the  yarioos  parts,  this  having  to  be  regulated  by  the  actual  condition 
of  the  mass  as  a  casting,  for  it  will  sometimes  happen  that  a  defect  may  exist  at  some 
part  which  may,  by  some  alteration  of  the  centres,  allow  that  defect  to  be  cut 
entirely  away  without  ii^uring  the  gun  in  any  respect,  whereas  if  the  workman  was 
at  once  to  determine  these  points  by  the  position  of  the  centres  in  the  casting,  it 
would  frequently  be  otherwise.  In  this  operation  the  centres  made  in  the  centering 
machine  are  made  available  for  the  gun  to  reyoWe  upon  as  an  axis,  and  by  forming 
the  lines  referred  to,  the  position  of  the  base  ring,  the  yent  field,  and  the  trunnions, 
and  roughing  down  certain  parts  of  the  outer  surface  towards  the  formation  of  the 
muzzle,  altogether  requiring  about  ten  hours,  the  gun  is  then  ready  for  the  fourth 
operation.  In  this  operation  the  gun  is  subjected  to  the  twofold  process  of  being 
roughly  bored  out  within  one-eighth  of  an  inch  of  the  finished  dimensions  ;  and  also 
in  haying  the  turning  of  the  exterior  still  farther  adyanoed,  but  not  yet  completed. 

Plate  II.  contains  a  plan  of  one  of  the  lathes  employed  in  these  operations  of  bor- 
ing and  turning.  It  was  designed  by  Mr.  D.  Napier,  of  London,  and  afterwards 
altered  in  the  driving  arrangements  by  the  writer.  The  same  machine  is  also 
employed  in  the  operations  five  and  eleven.  A,  is  a  strong  and  massive  bed  of  cast- 
iron,  resting  on  the  floor  of  the  building  ;  the  bed  is  cast  in  two  pieces,  and  firmly 
joined  in  the  middle.  The  top  surfaces  of  the  bed  form  a  A  and  flat,  and  are 
accurately  planed  ;  so  that  the  different  parts  of  the  machine  which  rest  upon  the 
bed  have  the  same  relative  position  to  one  another  in  any  situation,  and  without  any 
adjustment.  B  is  the  spindle  or  mandril  of  the  lathe ;  it  runs  in  gun-metal  bearings 
or  pUlow  blocks  of  beautiful  construction.  The  principal  bearing  (a)  rests  on  C,  an 
elegant  yet  substantial  pedestal  of  the  same  metal ;  D  is  the  turning  saddle,  on  which 
is  placed  the  turning  slide-rest  (B) ;  F  is  the  collar-frame,  in  which  runs  the  muzzle 
of  the  gun.  Q  is  the  boring  apparatus  which  rests  upon,  and  is  bolted  to  a  strong  bed 
of  cast-iron  Q,  which  again  rests  upon  and  is  bolted  to  the  lathe  bed.  The  boring  bar 
that  carries  the  boring  bit  on  its  extremity  slides  upon  the  boring  bench  Q, 

The  boring  bed  is  strongly  built  of  mahogany,  and  firmly  bound  with  iron  bolts  and 
plates.  The  parts  where  the  bar  slides,  the  ends  under  the  advancing  screws,  and 
those  places  where  there  are  fiurtenings,  are  strongly  faced  with  gun-metal.  The  object 
of  having  the  bed  of  wood  is  to  avoid  tremor.  The  boring  bar  (&)  is  the  instrument 
on  which  the  bit  for  boring  is  fiistened.  .In  forcing  the  bit  into  the  gun,  there  is  a 
great  tendency  to  twist  the  bit  and  bar  round  with  it :  to  prevent  this,  there  are  three 
strong  cross-heads  (S),  with  a  boss  at  each  end,  and  a  large  boss  in  the  centre,  for  the 
pressing  screw,  on  one  of  the  end  bosses ;  the  cross-head  swivels  on  a  stud  securely 
fastened  to  the  bench  in  order  to  facilitate  the  operation  of  changpmg  the  boring  bar. 
As  these  bars  are  of  different  sizes,  and  as  it  is  necessary  to  have  them  in  a  certain 
position,  with  reference  to  the  axis  of  the  gun,  in  order  that  the  cutting  edge  of  the 
bit  may  be  in  right  place  for  the  best  conditions  of  incision  into  the  solid  metal ;  this 
bench  is  arranged  to  rise  and  fidl  by  means  of  four  screws  worked  simultaneously  by 
the  handle  T. 

By  reference  to  the  description  of  the  boring  lathe  employed  for  iron  ordnance,  it 
will  be  seen  that  the  several  requisite  conditions  are  secured  by  entirely  dlffeient 

O  O  2 
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arrsngenieiita,  and  whiah  in  lonie  reipacta  are  conaideTed  bettar,  kitliongh  this  tnetiiod 
ii  not  viihoDt  its  peculiar  advuitageB. 

The  boring  b&r  E,  rMcivei  its  motion  for  penetntion  by  means  of  the  tva  screws  V, 
which  ue  worked  from  the  wheel  and  pinions  V.  Thia  wheel  can  be  worked  by  the 
hand,  or  nuda  self-acting  bf  a  motlDD  from  the  rnnning  spindle  of  the  lalhe  ;  bat  the 
oommnnicating  appaistna  is  not  seen  in  the  drawing. 

The  tnruing  part  of  this  machine  is  contuned  in  tlie  slide  rest,  B,  which  is  fixed  oo 
the  saddle  D,  bat  adjustable  to  the  different  angles  required  for  gnns,  or  may  be  set 
parallel  with  Ibe  axis  of  the  lathe,  and  ma;  be  worked  dther  by  band  or  made  eelf- 
acljng  from  the  ahafl  (^). 

In  order  to  adapt  the  taming  apparatus  to  different  guns,  the  saddle  D  may  be 
shifted  along  Vbe  lathe  bed  to  the  required  poaiUoo,  withoat  interfering  with  the  self- 
acting  motion,  the  ahaft  (g)  being  made  with  a  continaans  grooTS  in  which  fits  a 
f^atber  or  key  in  Uie  pinion,  which  is  thus  adapted  to  slide  upon  and  receiTe  motion  at 
any  part. 

The  really  important  pcint  to  be  nnderstood  in  ccanecticn  with  gun  baring,  is  the 
source  of  thetrnth  or  circularity  in  the  boreand  its  perpetuation  inwards,  no  that  it  may 
be  concentric  with  the  exterior  surface  of  the  gun.  In  the  present  case  truth  is  derived 
from  the  turning  of  a  ring  around  the  mnule  of  the  gnn  during  the  third  operation  ; 
here  truth  originates,  and  on  that  depends  whether  the  gun  bore  is  to  be  round  or  oraL 
As  before  obserred,  the  muule  turns  on  a  fixed  centre  point,  and  is  cut  by  an  insln- 
ment  which  is  ataljonary,  so  far  as  the  axis  is  concerned,  and  therefore  a  true  circle 
must  be  formed.  Bat  if  it  were  arranged  in  such  a  manner  that  the  centre  and  ita 
spiodte  rerolTed  with  the  gun,  then  there  would  be  a  chaoee  of  error  in  the  spindle 
not  being  round,  for  whalerer  its  shape  may  bc^  that  form  will  be  hereditary  in  all 
its  future  productions  until  rectified. 

When  the  gnn  is  pnt  into  the  boring  lathe  this  tme  motile-cirole  is  made  to  mn, 
during  the  boring  process,  in  a  hearing,  which  is  fixed  in  the  standard  P,  and  a  V 
drill  is  then  introduced  to  roughly  open  out  the  oommencement  of  the  bore,  bat 
without  giring  truth,  as  ten  to  one  it  will  wobble  aboot  to  a  small  extent,  altfaongh 
entered  correctly  into  the  centre  mode  in  the  gnn ;  truth  baa  to  be  obtained  elsewhsre. 

The  manle  ring  being  true,  if  a  stntionary  instrument  is  introduced  that  will  be  so 
rigid  as  to  prevent  its  being  affected  by  the  ecceutricitj  made  by  the  v  drill,  then  the 
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diameter,  the  effect  is  to  throBt  it  onwards  from  the  centre  nntil  the  catting  edge  is  in 
the  line  of  the  diameter,  or  if  it  is  under  the  line,  it  will  not  hare  a  proper  bearing, 
bat  will  chatter  and  prodace  an  irregalar  hole.  Hence  the  manipalation  of  tbe  bit 
and  its  working  inTolyes  a  considerable  amoant  of  skill,  which  a  little  experience  alone 
can  give. 

The  breech  ends  of  gans  are  sapported  in  two  different  ways. 
The  chief  condition  to  secore  is  that  the  axis  of  the  gan  and  that  of  the  boring  bar 
may  coincide  and  form  a  straight  line ;  this,  therefore,  is  aimed  at,  bat  is  rarely  obtained, 
hot  as  the  gun  reyolves  daring  the  process,  every  side  alike  has  the  same  chance  of 
getting  astray,  and  hence  it  is  foand  in  practice  that  the  bore  is  produced  with  con- 
siderable straightness,  although  seldom  mathematically  correct.  If  the  gun  was  not 
nearly  in  the  same  line  (as  it  always  ought  to  be),  and  if  at  the  same  time  the 
bar  was  perfectly  rigid,  a  gradually  widening  bore  would  be  produced,  but  these 
conditions  seldom  or  never  exist  to  such  an  extent  as  to  produce  this  result.  With 
regard  to  the  truth  of  the  gun's  movement  at  the  breech  end,  this,  although  also 
important,  is  not  so  to  the  same  extent  as  at  the  muzzle,  because  the  truth  or  round- 
ness of  the  bore  is  transferred  from  the  muzzle  by  the  conditions  of  the  boring  Mt. 
But  80  far  as  it  affects  the  taming  of  the  exterior  service,  it  depends  entirely  upon  it ; 
hence  there  are  two  ways  of  supporting  guns  during  the  loring  process.  When  the 
spindles  of  the  lathe  are  imperfect,  and  with  rough  machinery,  it  is  found  most 
advantageous  not  to  depend  upon  the  apparatus,  but  to  turn  a  true  bearing  at  the 
breech  end  the  same  as  at  the  muzzle,  and  to  allow  the  gun  to  run  in  these  two 
bearings  by  giving  it  motion  from  an  independent  spindle ;  with  this  arrangement  the 
gun  is  80  far  right,  always  providing  the  axes  of  the  bearings  are  in  a  line  with  the 
axis  of  the  boring  bar. 

With  good  machinery,  however,  the  running  spindle  is  made  in  a  line  with  the 
boring  bar,  and  is  also  made  true  in  itself  so  that  the  future  truth  of  the  breech  is 
secured  once  for  all  in  the  original  good  workmanship  of  the  apparatus  ;  thus 
obviating  the  daily  laboor  of  securing  the  same  conditions  for  every  gun.  Of  course 
as  the  bearings  wear  in  both  cases  they  will  require  fresh  adjustment,  and  when  the 
lathe  spindle  wears  out  of  round  it  will  require  to  be  made  true  again,  and  when  too 
bad  after  many  years*  service,  it  will  either  require  to  be  renewed,  or  the  bearing  for 
the  breech  of  the  gun  substituted,  for  which  there  is  always  due  provision.  In  all 
the  lathes  of  the  Boyal  Arsenal,  the  truth  of  the  breech  is  dependent  on  the  machi- 
nery as  being  the  most  convenient  for  manufacture ;  still  it  is  a  matter  of  opinion  as  to 
which  is  positively  the  best  arrangement. 

The  fifth  operation  is  to  enlarge  the  rough  bore  to  within  a  small  fraction  of  the 
finished  dimensions,  in  order  to  prepare  it  for  a  proof  to  test  its  general  efficiency  as 
a  caC^^  more  especially  in  regard  to  its  soundness  in  the  interior  of  the  mass,  which 
is  inftM—i'to  the  criticism  of  any  examination. 

This  operation  is  performed  in  a  boring  lathe  similar  to  the  former,  and  with  a 
half-round  boring  bit  constructed  on  the  same  principle ;  in  performing  this  operation 
the  bit  is  poshed  into  the  gun  at  a  greater  rate  per  revolution  than  during  the  previous 
process  of  quarrying  out  from  the  solid  metal.  In  the  former  case  the  rate  of  progress 
is  fourteen  inches  per  hour,  this  being  the  utmost  that  the  cast  steel  of  1858  will 
admit  of ;  to  go  faster  would  result  in  broken  boring  bits  and  greater  disaster  to  the 
gun,  and  no  matter  bow  powerful  the  lathe  may  be  made,  the  quality  of  the  steel 
catting  edge  together  with  that  of  the  metal  to  be  cut,  are  the  points  which  really 
determine  the  rate  of  progress.  In  reboring,  however,  a  greater  speed  can  be  em- 
ployed in  consequence  of  the  small  quantity  to  be  removed  not  exciting  the  temperas- 
tare,  80  that  the  osoal  speed  is  twenty  inches  per  hoar. 
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In  thB  Drat  oporeUon  the  men  nmoril  of  Bolld  matter  vM  the  ohlsf  oljeot,  tlte  bit 
«M  noAn  witli  ft  radial  line  in  front  only,  and  adapted  to  ohlnl  out  a  eoutlniKraB  aerev 
or  ipiral  duTlng,  equal  to  half  Uie  diani«t«r  from  the  oamm«ie«in«ne  to  the  eondnaioB 
of  the  bore.  Owing  to  the  diaroptive  action  of  the  initramanl,  howcTer,  the  eon- 
tinnitj  of  tbe  spiral  shaving  ia  diriarbed,  and  the  bonngs  are  obtwB«d  in  the  otnditioii 
of  chip!.  It  being  endent  that  a  coiuidenbl«  ttmoant  (rf  meehanioal  power  U 
Tsqoired  to  ao  pnlveriw  the  aud  chips,  that  arrangement  of  bit  or  oatter  vhidt  will 
afibrd  an  equally  good  bo»  with  the  ihaTing  in  larger  manea  tt  coiled  btMi  will  be 
an  improrement ;  but  there  being  so  little  acope  in  the  wnfltied  apM*  of  a  bar«  to 
eiercias  aoy  improTod  modificatioDB  of  anangemont,  neb  bits  are  moeh  the  mat)  aa 
those  used  a  hnndred  years  ago,  except  ao  br  aa  having  the  entter  in  a  slide  to  admit 
of  fine  adjnitmeot  and  promoting  ita  endnnece. 

In  this  second  boring  a  smooth  and  straight  bors  is  the  object  aimed  at ;  hen  Ibe 
bit  la  arranged  to  eat  not  only  in  front,  but  alao  to  ont  off  a  olcaa  smooth  aharing  at 
the  side  ;  by  this  meana  great  smoothness  ia  obtained. 

The  sixth  operation  is  the  proof.  The  gnn  with  ha  ragged  exterior  ia  ranored  to 
the  pmring  gronnd,  and  If  found  during  ila  first  cranpetitiTe  examination  to  afford  the 
eridence  of  soundness  it  ia  returned  to  the  boring  mill  with  a  cnUlicate  aoooiding  to 
its  general  beluiTioar. 

The  serentb  operation  is  to  hare  ti>e  tmnniona  tnrtied.  The  gan  being  now  eon- 
aidered  aerrioeaUet  this  ia  performed  with  the  aanni^n  that  the  labour  and  eip«nae 
Kill  not  be  thrown  away.  Until  lately  this  preliminary  proof  was  not  employed,  mnd 
tba  tuning  of  the  trunnions  was  an  earlier  operation  in  the  mann&ctura.  Plate  III. 
eont^f  a  phui  of  the  trannioning  machine  designed  and  made  \fj  Ur.  Napier  tf 
London  in  1842. 

The  gan  lies  horiiontally,  being  tapported  on  the  centre  at  the  breech  and  by  the 
bore  at  die  mutile  ;  the  cutting  insbuments  being  at  right  angles  in  fixed  bead- 
Mocka  with  moTMbls  spindles.  A.  ia  a  strong  fbondatioD  bed  that  binds  tiie  ssreral 
parta  of  the  machine  togedier,  tba  bed  B  is  bolted  to  the  forver,  and  ia  for  aappartiog 
the  adjastable  saddlee  that  hold  the  gun,  the  adjustment  bdng  effected  by  meana  of 
the  •erewa  (a)  by  the  handles  (&).  As  the  trminiona  of  most  gant  are  under  the 
centre,  it  is  necessary  to  haTe  ■  vertical  adjustment,  henoe  the  holding  centre  and  the 
cone  for  the  bore  are  attached  to  TOrtical  slides';  these  slides  when  at  reat  on  the 
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by  band,  it  is  only  neoesBary  to  puab  tbe  vbeel  (o)  baek  to  the  bead  of  tbe  stnd  (9), 

and  tnrn  the  bandle.    Tbe  manner  in  wbicb  tbe  self-aetisg  motion  is  produced  is  very 

ingenionB.     Tbe  end  of  tbe  spindle  (G),  wbicb  is  fartbest  from  tbe  tnmisg-too],  is 

bored  out  boUow  ;  into  tbe  tube  tbere  is  fitted  a  spring,  witb  four  arms  tbat  force 

ontwards  :  tbis  spring  is  keyed  on  tbe  end  of  a  small  steel  shaft,  having  a  small  steel 

pinion  on  its  other  end  :  this  pinion  gears  into  the  wheel  (0),  which,  by  tbe  long 

pinion  keyed  on  its  boss,  gires  a  motion  to  the  wheel  (r).     The  wheel  (r)  is  keyed  on 

tbe  end  of  a  screw,  which  is  connected  to  tbe  spindle  (G),  and  so  gives  it  the  forward 

motion.    One  great  advantage  of  having  the  motion  throngh  the  spring  is,  tbat  when 

the  tool  comes  to  any  place  on  tbe  trunnion  where  it  cannot  get  forward,  the  spring 

slips  in  the  tube,  and  no  mischief  arises. 

As  was  observed  before,  to  disengage  the  self-acting  motion,  it  is  only  pushing  the 
wheel  (0)  out  of  gear  with  the  steel  pinion  on  the  end  of  the  spring-shaft ;  and  as  the 
pinion  on  the  boss  of  the  wheel  (0)  is  double  the  breadth  of  tbe  wheel  (r),  it  still 
remains  in  gear  with  r,  so  tbat  tbe  band-wheel  (0)  retains  a  command  over  tbe 
spindle.  K  is  a  fly-wheel  on  the  end  of  the  driving-shaft  (£),  by  which  the  workman 
may  turn  the  tool  round  by  band,  when  be  requires  to  do  so.  L  is  the  strap-lever, 
by  wbicb  tbe  machine  is  thrown  out  or  into  gear  :  it  is  wrought  by  the  bandies  (n). 
M  are  the  fast  and  loose  pulleys. 

Before  putting  a  gun  into  this  machine,  tbe  workman  divides  off  the  distance  of  tbe 
centre  of  one  of  the  trunnions  from  tbe  base-ring,  and  then  describes  a  circle.     The 
gun  is  placed  between  the  centre  and  cone.    Tbe  gun  is  adjusted  with  a  spirit-leveL 
He  knows  by  the  drawing  bow  much  tbe  axes  of  tbe  trunnions  are  below  the  axis  of 
the  bore ;   so  tbat  by  the  bandies  (c)  be  raises  the  gun,  setting  it  to  the  index  as  the 
gun  requires  :  he  then  fixes  a  scriber  where  tbe  turning  tool  is  fiutened,  and  by  turn- 
ing it  r  ound  carefully  by  hand,  he  sees  if  the  line  it  makes  coincides  with  his  former 
division ;  if  it  does  not,  tbe  gun  is  shifted  by  the  bandies  (6)  until  it  is  brought  to  its 
true    position.     Tbe  fastening  bolts  (g)  are  then  tightened  ;  and  to  prevent  the  gun 
from  moving  during  tbe  operation,  it  is  wedged  up  underneath. 

Both  trunnions  can  be  turned  at  tbe  same  time,  tbe  whole  operation  occupying  from 
five  to  seven  hours. 

Nothing  can  exceed  the  accuracy  by  wbicb  guns  are  trunnioned  with  this  machine. 
As  the  spindles  are  at  right  angles  to  a  line  drawn  through  tbe  centre  of  the  gun, 
the  trunnions  must  be  at  right  angles  to  the  bore ;  and  as  the  axes  of  tbe  spindles  are 
in  a  straight  line,  the  axes  of  the  trunnions  must  be  in  a  straight  line  with  one  another. 
Its  chief  defect  is  the  arrangement  of  having  the  spindles  to  slide  in  the  headstocks  ; 
having  them  stationary  like  the  spindle  of  a  turning  lathe^  and  the  headstocks  to 
move  instead,  would  be  better. 

The  eighth  operation  is  to  plane  that  part  of  the  gun  which  lies  between  the 
trunnions,  it  being  more  convenient  to  remove  tbe  metal  in  this  manner  than  by  cir- 
cular turning.  Formerly  tbis  was  done  by  band  with  the  chisel  and  file,  afterward* 
it  was  accomplished  by  the  slide  rest  turning  apparatus  of  the  boring  lathe^  by  making 
the  slide  rest  alternate  rapidly  while  tbe  gun  was  made  to  turn  slowly;  thus  it  will  be 
seen  tbat  the  terms  planing  or  turning  may  mean  tbe  same  thing. 

The  chief  objection  to  the  performance  of  this  operation  in  the  boring-lathe  was,  first, 
tbe  having  to  dismantle  the  turning  and  boring  part  of  tbe  apparatus  for  tbe  time 
being,  and  second,  by  having  to  plane  with  tbat  which  was  only  fitted  for  what  is 
called  turning^  hence  much  time  was  wasted,  not  only  of  the  workman,  but  of  an 
expensive  maohine,  and  the  performance  of  these  operations  occupied  six  hours. 

In  1845  the  planing-macbine,  Plate  IV.,  was  designed  by  tbe  writer,  by  means  of 
which  tbe  planing  between  tbe  trunnions  is  performed  in  an  hour. 
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The  gun  is  on  centres  betveeD  two  hesdetcclu,  the  ipindloi  of  boUi  Ixang  free  to 
ton: ;  tlie  one  headstock,  A,  is  •Gitore,  the  ather,  B,  Leing  adjiutable  tn  Btiit  the  length 
of  diCTerent  gani.  The  Bpindle  in  the  fixed  bwditocb  is  made  self-actiDg  by  meuu 
of  the  doable  ntehet  amngameiit  (a),  inTented  by  Mr.  Clements.  The  dide-rest,  C, 
vbicb  carries  tbe  catting-iDatmiuent  (A)  is  placed  alongBide  the  gun,  and  is  adjaatabla 
Bo(  onlj  in  regard  to  its  position  on  the  bed  to  suit  different  lengths,  bat  also  in 
regard  to  its  poaition  with  reference  to  parallelism.  Host  guns  are  tapered,  ham 
this  slide-rest  most  be  fixed  in  the  right  line  to  produce  that  figure. 

The  alternating  tnotion  of  the  slide  is  obtained  from  a  crank,  D,  placed  on  the  tep 
of  a  Tertical  shaft  as  sbown,  the  power  being  deriTcd  from  a  pair  of  fjut  and  loose 
puUies,  E,  vith  a  beyel  whei^l,  F,  and  pinion,  Q,  between  to  increase  tbe  power  bj 
reducing  the  speed.  The  amonnt  of  tniTprBe  giTCD  to  the  slide-rest,  as  also  the  rata  at 
which  the  gnn  tnmi,  are  both  adj  eatable  and  under  the  control  of  the  attendant. 

To  phine  or  torn  two  morementa  are  requisite  ;  fint,  tbe  movement  to  cut  off  the 
metal,  and  second,  tbe  forward  moTement  to  overtake  the  whole  snrhoe ;  in  taming 
the  gnn  rerolvea  at  about  tnenty-five  revolattoos  per  minute,  against  an  almeat 
atatJODar;  instrameot ;  if  it  were  stationar;  altogether  little  work  wonld  be  done,  but 
it  ikas  a  self-acting  slow  motion  forward,  and  this  combination  eSeets  tbe  objeot.  In 
planing,  this  combination  ie  reversed,  tbe  instrument  for  catting  baa  the  greater 
motion,  about  fort;  euli  per  minute,  whits  tbe  gnn  has  the  smaller  motion  ;  it  ia  well 
to  see  the  chief  points,  because  the  mode  of  doing  it,  or  the  manner  of  oonslracUog 
the  machine,  ma;  be  affected  or  varied  in  man;  vajs.  Tlie  great  condition  ia  to  have 
a  euttiog-instrament  with  penetration,  and  the  requisite  amaunt  of  strength  ;  it  ma; 
then  be  pushed  against  the  metal,  or  the  metal  ma;  be  pushed  against  the  tool ;  in 
each  case  the  eETeet  will  be  alike,  it  is  for  tbe  engineer  to  select  the  arrangement,  or 
modiGcaUon,  that  will  be  tbe  most  eonrenient  for  the  intended  object. 

The  ninth  operatjon  ia  to  drill  the  gun  for  the  reception  of  the  ooppei  veot^  and 
also  fur  tlie  tangent  scale. 

Plate  v.  shews  side  and  front  elevations  of  the  drilling  machine  deugned  b;  Hr. 
Napier,  with  a  section  of  the  spindle  :  the  same  letters  in  all  the  figniei  appl;  to  the 
same  parts. 

X  is  a  strong  frame  of  cast  iron,  in  one  casting ;  it  ia  bolted  to  tlie  wall  of  the 
building    b;  the  four  bolts  (a),   with  wall-plates  on   tbe  ontsiJe.      B   an  tbe 
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table  being  raieed  or  lowered  by  means  of  the  handle  (A),  for  actuating  the  elevating 
screw  until  the  gun  is  at  the  right  inclination,  the  other  ac^iistments  being  obtained 
by  means  of  the  other  handles  shewn. 

The  operation  of  drilling  holes  is  exactly  on  the  same  principle  as  that  of  gnn- 
boring,  only  that  in  the  one  case  the  drill  revolves,  while  in  the  other  it  is  the  metal. 
Drills  are  made  in  many  different  ways,  the  most  common,  and  those  used  in  the  brass 
gun  manufacture,  being  the  half-round  bit  and  the  V  drill,  more  especially  the  latter ; 
but  in  all,  the  requisites  are  strength  and  penetration.  The  principle  of  the  half-round 
bit  has  been  referred  to  already,  that  of  the  V  drill  is  a  very  ancient  invention.  A 
hundred  years  back,  the  drill  was  seldom  made  to  revolve  continuously  as  in  modern 
times,  but  to  revolve  alternately  backwards  and  forwards  by  means  of  an  elastic  lath, 
hence  the  origin  of  the  term  lathe,  or  a  beam  fixed  in  the  roof  of  the  building,  and 
connected  to  the  drill  by  means  of  a  string  wound  round  it ;  smaller  drills  were  worked 
in  the  same  manner  by  a  bow  like  a  fiddle  stick,  the  string  being  wound  around  the 
drill  and  played  by  the  workman  backwards  and  forwards.  With  such  a  motion  the 
cutting  property  of  a  modem  drill  was  not  attainable,  but  it  had  to  be  ground  on  both 
sides  and  edges  alike  in  form  similar  to  a  lancet)  and  by  the  wriggling  motion  it 
scraped  its  way  inwards. 

A  proper  V  drill  (fig.  1)  consists  of  a  pair  of  chisels  formed  on  the  end  of  a  piece  of 
steel,  and  placed  at  an  angle  of  45"  to  each  other,  and  meeting  at  a  fine  point :  by 
causing  this  drill  to  turn  on  its  axis,  each  of  the  two  chisels  cut  out  a  shaving  from 
the  solid  metal.  By  examining  the  conditions  of  cutting,  it  will  be  seen  that  a  V  drill 
made  only  as  above  described  is  wanting  in  the  property  of  penetration.  In  order  to 
produce  the  best  result,  it  is  necessary  to  have  the  cutting  edges  twisted  forward,  thus 
giving  it  the  appearance  of  a  screw :  by  this  means  it  acquires  the  penetrating  property 
without  being  weakened,  and  will  perform  many  times  the  amount  of  work  without 
heating  or  breaking. 

Another  important  point  is  to  have  the  V  point  exactly  in  the  axis  of  the  drill,  and 
the  two  inclined  chisel  edges  exactly  at  the  same  angle.  This  may  seem  so  obvious 
as  to  require  no  observation  ;  yet  it  will  be  found  that  for  one  drill  which  is  right  in 
this  respect,  ten  will  be  wrong. 

Fig.  1.  Fig.  2. 


In  drillmg  small  deep  holes — such  as  that  for  the  tangent  scale — there  is  always 
the  risk  of  the  chips  choking  up  the  way,  causing  the  drill  to  stick  &st  and  to  break. 
Until  lately,  holes  of  this  class  were  cleared  by  taking  out  the  drill,  and  using  means 
to  fish  out  the  chips  ;  but  within  the  last  twenty  years,  an  important  improvement 
has  been  made  in  twisting  the  body  of  the  drill  into  a  spiral  form,  thus  making  it  the 
agent  to  worm  out  the  chips  as  it  revolves  (fig.  2). 

The  only  correct  and  expeditious  mode  of  grinding  drills  is  to  fix  them  in  a  holder 
concentric  with  their  own  axis,  and  to  cause  the  holder  to  revolve  or  turn  in  front  of 
the  grindstone  :  thus  the  two  edges  must  be  alike.  Again,  drills  are  mostly  always 
ground  away  too  much  behind  the  cutting  edge ;  this  is  done  to  give  penetration,  but 
without  consideration,  as  it  does  not  affect  the  property  in  question,  and  only  gives 
weakness  instead. 

The  tenth  operation  is  to  put  the  copper  nut  into  the  gun.    The  copper  is  cut  from 
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ihs  bolt  into  the  nqniied  leagtb,  thai  put  into  a  Uthe,  aod  bored  ont  like  •  mlphtiifB 
|im,  onlj  it  ii  bored  throngh  md  thnmgh ;  it  ii  nert  put  into  mnotlira'  lathe,  Bud 
turned  &nd  Bcreved  to  the  proper  dimenBiona. 

The  (crev  ii  formed  within  the  gan  b;  meana  of  as  instromoit  teobnieally  termed 
&  tiq>  1  it  ii  a  hu  of  (teel,  having  the  reqnired  iotsw,  originaUf  formed  upon  eoe  aad  ; 
it  is  then  cnt  amf  in  nioh  a  maonar  u  to  haira  onl}  three  eqaall;  distant  portlana  of 
the  threadi  to  act  ai  entters  :  this,  when  tempered,  is  introdnoed  into  llie  lioh  in  the 
gnn,  and  whan  turned  tonnd,  uther  by  a  lerer  with  the  hand  or  fa;  the  power  of  a 
machine,  it  gradaall;  acnws  and  onta  its  way  to  the  bottom. 

T^ia  were  formerly  made  aqoaie,  thai  leanng  only  the  foil  threada  of  the  Mrew  at 
the  taja  ooman.  A  moment'a  reflection,  after  it  is  onse  pconted  oat,  will  show  that 
aoah  an  instrament  is  only  capable  of  bmising  its  way  inwards  :  yat  the  world  went 
on  for  two  thonnuid  yean  after  the  tap  vaa  invented  befbre  it  waa  made  thne-nded, 
and  at  Iha  same  time  hoDowed  ont,  ao  as  to  convert  the  three  eomara  into  onttan,  by 
which  improvement  the  tap  is  made  steadiei,  the  friction  i>  rednoed,  and  the  treth  are 


The  hidden  virtue  that  liea  in  the  aacred  nnmber  tiiree  was  laag  anknown  to  the 
inechsiiical  world.  The  name  of  the  inventor  of  the  thrae-h^ged  atool  bM  been  loet ; 
bnt  the  priueiple  whidk  he  fonnd  ent  is  only  beginning  to  be  ^ipreoialed,  and  la  now 
being  applied  by  all  who  are  aiming  at  perieot  conditions  of  nr&oe  nnder  varying 
eonditjona  of  anpport.  Mr.  Whitworth,  of  Maneheater,  has  done  much  to  devekipa 
Ihe  prininpla,  and  afqiUce  it  in  the  my  indicated  in  all  hia  finer  instnunanta  tet 
aeamriDg,  anrfamng,  screwing,  and  the  like. 

When  the  screw  ia  cot  in  the  gnn,  the  oopper  vent  with  ita  eorreiponding  acrtrw  la 
ineerted,  and  wto^ted  home  by  meana  of  a  lever. 

The  eleventh  opetatian  ia  to  Gniah  the  bore.  By  the  fifth  proeaaa  the  bon  was 
broDght  almost  to  the  required  dimenmons.  After  having  the  vaiiona  apentiinm 
ranging  from  nx  to  deven  perfbnned,  it  ia  again  put  into  the  boTing  latin  to  have  the 
bore  finiihed  o^  and  to  recti^  the  alight  irrnption  which  ia  neoeBuily  made  whe« 
the  vent  is  inserted.  The  instrament  employed  is  either  a  blnnt  eondenaet  ec  a  balf- 
ronnd  bit.  The  advantage  of  the  former  is,  that  without  cutting  away  any  of  the 
metal,  it  enlarge*  the  bore,  by  thraating  it  ontwards  by  main  farce.  This  secnrea 
two  advanteges,  and  one  disadvantage  :  it  makee  the  gnn-metal  forming  the  lining  of 
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neoeflsarj  to  pMs  down  the  readjusted  boring  bit  Bereral  times.  The  writer  hat 
seen  it  done  six  times  without  being  positively  perfect  after  all.  Still,  with  moderate 
metal  it  is  frequently  found  sufficiently  correct  for  all  practical  purposes  by  the 
first  passage  of  the  finishing  bit. 

The  twelfth  operation  is  to  finish  or  chisel  off  all  the  irregular  parts  that  have  not 
yet  been  attempted  by  any  of  the  previous  machines.  Hitherto  we  have  been  dealing 
with  straight  lines,  flat  sur&ces,  circles,  cylinders,  cones  and  portions  of  spheres ;  but 
there  yet  remains  a  number  of  intricate  places,  such  as  the  roots  of  the  trunnion 
shoulders  where  they  are  united  to  the  body  of  the  gun,  the  vicinity  of  the  vent-field, 
the  dispart  and  other  parts  which  are  of  irregular  form. 

The  careful  student  will  have  observed  that  in  the  production  of  the  several  regular 
forms  alluded  to,  they  were  all  more  or  less  obtained  by  some  modification  of  the 
principle  of  copying,  by  having  the  form  within  the  apparatus,  and  having  the  line, 
the  surface,  the  circle,  or  cone,  or  cylinder,  secured  by  transfer  from  something  or 
other  carefully  made  beforehand.  It  is  important  to  make  a  full  recognition  of  this 
as  a  principle,  because,  when  fally  understood,  it  greatly  tends  to  simplify  and  open 
up  the  whole  question  of  such  a  manufiicture. 

The  class  of  apparatus  employed  in  the  production  of  more  irregular  forms,  although 
quite  different,  and  to  a  superficial  observer  a  distinct  speciality,  still  it  will  be  found 
only  another  modification  of  the  all  pervading  copying  principle. 

The  performance  of  these  several  operations  may  be  conveniently  explained  under 
two  heads. 

First,  where  the  irregular  form  is  cut  by  means  of  a  single-pointed  tool,  and  second, 
where  the  form  is  obtained  by  means  of  a  revolving  instrument  having  a  number  of 
cutting  points. 

The  peculiar  figure  developed  by  the  junction  of  the  trunnion  shoulder  to  the  body 
of  the  gun,  and  more  especially  when  the  trunnion  is  on  the  axis  of  the  bore,  is 
chiseUed  to  the  required  form  by  means  of  a  tool  with  a  single  point.  In  determining 
between  the  merits  of  the  one  class  and  the  other,  the  consideration  which  influences 
the  choice,  is  not  always  regulated  by  that  which  would  perform  the  operation  in  the 
most  direct  manner,  but  partly  by  the  financial  question  of  economy  of  manufacture  ; 
the  instrument  with  a  number  of  cutting  points  technically  termed  circular  cutters  or 
milling  tools,  is  of  more  expensive  construction  than  the  other,  and  although  it  might 
be  inferred  that  with  a  hundred  teeth,  it  would  chisel  ofif  one  hundred  times  the 
quantity  before  getting  blunted,  yet  in  practice  it  is  found  that  the  numerous  chances 
of  the  cutter  getting  into  contact  with  the  hard  exterior  crust  or  particles  of  grit  upon 
the  metal,  expose  the  instrument  to  the  risk  of  losing  its  fine  edge,  hence  subjecting 
the  manufacturer  to  the  expense  of  resharpening  it,  a  process  much  more  tedious  than 
with  the  single  point,  which  can  be  easily  sharpened  at  a  grindstone.  On  this  account 
the  single  point  is  generally  preferred  whenever  it  can  be*  applied. 

In  the  employment  of  such  a  tool  in  the  operation  of  cutting  round  the  root  of  the 
trunnion,  an  arrangement  was  designed  by  the  writer  in  1850,  which  answers  yery 
satisfactorily.  The  revolving  spindle  which  carries  the  single  cutting  tool  on  its 
extremity  nearest  to  the  gun,  is  made  to  revolve  in  a  position  with  its  axis  in  the  line 
of  and  coinciding  with  the  axis  of  the  trunnion,  but  constructed  in  such  a  manner  that 
it  is  free  to  obey  any  longitudinal  influence  while  it  revolves.  In  order,  therefore,  to 
give  it  a  determined  path  to  revolve  in,  a  figure  of  the  required  irregular  form  is 
attached  to  the  apparatus,  and  the  spindle  is  compelled  to  trace  this  form  or  copy  by 
means  of  a  small  roller;  thus  as  it  goes  round,  it  at  the  same  time  moves  out  and  in,  in 
the  mathematical  figure  to  be  developed.  But  something  more  is  still  required  ;  the 
removal  of  this  metal  is  not  effected  at  one  revolution,  as  suoh  an  lastnunent  will 
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not  nit  off  B  iIutTing  mora  than  tbe  GitieUi  of  u  ioch  thiok  ti  one  turn  mnul ; 
hflnoe  It  mt;  reqoin  &  hniidnd  or  mora  TCTolntioDa  to  eSeot  tlie  object,  vhils  &t  tha 
Muna  time  it  ia  m*de  to  idruice  at  thU  rate  of  the  fiftieth  of  an  inch  per  rerolntiaii- 
To  acoompluh  theaa  oooditionii  it  ie  odIj  Deccnu;  to  have  the  eotiro  appantu  vhkh 
M)D(«ni  th«  (piodle,  ai  also  the  pattern  or  oop7,  made  capable  of  tlii  gradoal  adiaua, 
either  bj  a  aelf-ading  aiTxiigBmeDt  or  bj  hand. 

In  the  machine  for  perfonning  this  operation  to  bran  gnna,  the  idea  axidained 
above  vtB  an  ftfterthooght,  and  forme  an  additional  apparatas,  raquiring  to  be  put  on 
for  the  oocaiian.  Bat  in  coaatrneting  a  aev  machine  for  the  eipren  abject  of  (vming 
this  part  of  iron  gant,  it  hoB  aaanmed  a  better  form,  vhich  viU  be  Been  hj  refarenn 
to  the  paper  on  that  anbject. 

The  single  initrument  not  being  bo  well  adapted  for  the  iiregnlu'  inifrceB  and 
oomen  of  the  dispart  and  nnt-fielil,  the  circular,  or  manj-pointed  inetnunent  ia 
■nbatituled. 

Id  ming  this  description  of  tool  to  pcrfbnn  the  different  openttioni  upon  a  braa* 
gnn,  it  ia  neceraar;  to  have  a  headetock  nmilar  in  oonitraetion  to  that  vUch  carriea 
the  running  epindle  of  a  tomlog  lathe,  bnt  ao  arranged  that  it  nsaj  be  mored  abont 
np  or  down,  forward  or  backward,  to  the  right  or  left,  and  at  the  aune  time  to  have 
Uie  motion  in  each  pontion.  In  addition,  it  ie  alio  neoe<iai7  to  bare  tlie  aeana  of 
giving  a  Blow  rotation  to  the  gun  when  required  ;  with  this  combtnatios,  a  good  deal 
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Spindle  is  nused  above  the  gim,  aad  a  motion  may  be  given  to  the  gun,  or  tbe  ontter 
may  be  moved  transversely  I 

In  the  same  or  in  a  similar  manner  the  sides  of  the  dispart  are  cnt,  or  it  may  be 
done  by  two  cutters  fixed  on  a  spindle,  as  in  Pig.  6,  and  caused  to  mn  right  and  left 
on  the  straight  lines  contained  in  the  slides  of  the  machine. 

The  parts  in  the  vicinity  of  the  vent-field  and  the  tangent  scale,  are  done  in  a 
similar  manner,  and  need  not  be  described.  It  most  be  confessed  that  none  of  the 
machines  yet  applied  in  shaping  guns  by  means  of  these  circular  tools  are  perfect ; 
they  are  all  too  rigid,  and  the  cutter  is  not  sufficiently  free  to  move  over  a  copy  of  the 
required  shape.  Much  is  left  to  the  guidance  of  the  attendant,  who  has  to  employ 
considerable  skill  in  directing  it. 

To  make  a  perfect  single  machine  to  perform  so  many  different  and  distinct  opera- 
tions involves  a  greater  cost  of  construction  than  the  work  and  saving  of  labour  would 
warrant,  while  at  the  same  time  it  is  not  considered  advisable  to  have  special 
machines  for  each  operation,  as  that  would  involve  a  larger  expenditure  on^  plant 
than  the  limited  number  of  guns  to  be  manufiictured  will  warrant  or  render  profitable ; 
under  the  circumstances,  therefore,  it  is  a  compromise,  using  machinery  so  far  as  it 
will  pay,  leaving  the  remainder  to  be  done  by  hand  labour. 

Before  leaving  the  subject  of  circular  cutters,  it  may  be  mentioned  that  a  great 
improvement  has  been  made  in  the  mode  of  sharpening  them  within  the  last  few 
years.  The  system  was  first  practised  in  America  and  introduced  to  England  by  the 
writer  after  a  visit  to  the  United  States  in  1854. 

The  circular  cutter  is  made  of  cast-steel,  and  after  having  been  turned  in  a  lathe  to 
the  required  shape  the  teeth  are  cut  upon  its  surface  by  means  of  a  machine  similar  in 
arrangement  to  that  employed  for  cutting  the  teeth  of  wheels,  then  hardened  and 
tempered  in  the  usual  manner.  Until  recently,  when  such  tools  required  sharpening, 
they  had  to  be  softened  and  then  cut  to  the  fine  edge  necessary  for  work ;  but  as  all 
softenings  and  hardenings  involve  the  heating  of  the  steel,  its  quality  was  soon  greatly 
injured,  besides  the  expense  of  the  operation.  In  heating  a  mass  of  steel,  and  then 
suddenly  cooling  it  to  produce  hardness,  there  is  always  a  considerable  risk  of  fracture, 
in  consequence  of  the  exterior  surface  becoming  cooled  and  contracted  before  the  inner 
body  of  the  mass,  and  here,  contrary  to  the  general  rule,  strength  is  an  element  of 
weakness,  for  the  larger  the  mass  the  greater  the  risk. 

By  the  new  plan  these  risks  are  reduced,  as  one  hardening  process  suffices  for  many 
sharpenings. 

On  a  small  lathe  resembling  those  used  by  the  lapidary,  there  is  mounted  on  the 
end  of  the  running  spindle,  a  small  circular  cake  of  a  composition  of  fine  emery,  glue, 
and  a  little  shell-lac,  which  has  been  made  by  casting  the  mixture  in  a  metal  mould  of 
the  required  shape.  This  instrument  is  driven  at  several  thousand  revolutions  per 
minute. 

The  workman  in  sharpening  a  cutter,  sits  upon  a  stool  with  his  arms  resting  upon 
the  lathe  bed  in  order  to  steady  his  hand,  presses  the  teeth  very  delicately  against  the 
sharpener,  and  by  moving  it  along  the  edge  whets  it  with  the  utmost  exactness  and 
facility. 

The  form  of  the  teeth  of  such  cutters  has  occupied  much  attention,  so  as  to  secure 
the  two  conditions  of  cutting  smoothly,  and  at  the  same  time  to  be  easily  sharpened. 
The  most  common  arrangement  is  to  have  the  teeth  in  line  with  the  axis,  or  in 
radial  lines  when  they  are  to  cut  in  front ;  but  it  is  found  that  when  such  teeth  are 
long,  the  great  hold  which  they  take  of  the  surface  is  an  objection,  hence  other 
modifications  are  frequently  adopted ;  one  of  which  is  to  cut  a  screw  on  the  toothed 
surface  of  the  cutter,  thus  leaving  spaces  which  break  the  continuity  of  the  shaving. 
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A  good  UTWifgement  U  to  eat  the  teeth  upon  the  akew,  and  whan  tk*  toalh  era  itrf 
long,  to  have  partiooi  of  the  tkew  teetli  in  opposite  direaUona ;  and  Id  tha  eoo- 
■tTDOtioa  of  Ter;  oomplicated  drcnlar  ontUn,  the;  an  made  up  of  *  niuuber  of 
diitinot  rings,  the  (am  of  whioh,  whan  itnuig  together  on  Uu  mandril,  foima  tha 
complete  initnuaent,  and  vben  requiring  to  be  iharpeoed,  it  ii  ledncad  to  littgt,  each 
■mit  being  aunple  and  ttalj  manipolated  od  tha  aniaU  grinder. 

The  thiitaeoth  opamtian  ii  to  finish  and  plane  off  the  arterior  inifitM  b;  hand. 
With  all  oui  boasted  fine  machinery  of  alide  lerta  and  inch  like  applianoea,  Ihare  ia  a 
point  beyond  which  ita  aaaiEtaoce  [■  not  ramimeiatiTe ;  an  Ear  aa  accnraoy  ia  eonoemed, 
it  folfila  eveiy  requirement,  and  anj  addition  of  hand  work  only  helpa  to  rednee  tha 
quality ;  bnt  thera  ia  a  imDothneu  and  shining  sar&ee  together  irith  greater  fiteility 
in  getting  into  all  tlia  erooka  and  tnina  obt^ed  by  the  hand  tool  vhiok  will  be 
difficult  to  aniie  at  by  any  ayateni  of  mecbaniam.  Thia  operation  ia  performed  ia  a 
lathe,  with  the  gnn  lerolring  a  little  faster  than  dnmg  the  pnriooa  I'liimiif ;  tha 
hand  too!  being  laid  on  a  reat  and  gently  applied  OTer  the  whole  enriaoe. 

The  fourteenth  operation  ia  olao  performed  by  band  ;  tha  gun  ia  laid  on  a  pair  af 
tnoaela  and,  by  meana  of  the  chisel  and  file,  any  remaining  pobt  not  yet  orertakeo  by 
the  planing  and  shaping  machines  ia  finished  of^  and  tiie  gun  is  then  entirely  oom- 
pteted,  with  the  ezoeption  of  the  engnring,  which  is  the  fifteenth  and  last  operation  ; 
thia  alao,  at  the  present  time,  is  perfonned  by  hand.  It  would  be  ea^  to  make  a 
simple  machine  to  perform  a  oonaiderable  porUon  of  the  angniTing  proceaa,  Usring  ooly 
the  more  delicate  toncbea  for  the  hand-tool* ;  such  maohlDea,  indeed,  are  already  in 
existence  and  tha  only  hindraace  to  the  introdiLclion  of  one  to  this  operation  ia  the 
oommereial  coiuuderatioD  of  economy  of  maouEsotDte.  It  ooata  some  thirty  boot* 
wages  to  eogiaTO  the  gnn  by  hand,  by  the  machine  and  hand  oombined  it  will  oocnpy 
about  twenty,  to  which  is  to  be  added  tha  intoreat  on  the  fint  cost  of  the  machine, 
together  with  the  expense  of  keeping  it  in  working  order.  All  such  maehines  are 
oopiara  of  the  raqoired  engiaring,  a  correct  transfer  of  which  ia  transmitted  to  the 
ardele  being  engraved  by  means  of  a  reTolring  tool,  which  cluBels  away  the  metal 
wberaret  it  oan  reach,  its  guide  bmng  a  tradng  point  pressing  on  and  pem'TC  OTer 
the  sur&ce  of  the  [«ttem. 

It  is  natnisl  Ibr  the  engineer  to  deure  to  shew  the  complete  control  of  mind  over 
matter  by  the  entire  performance  of  these  sevetal  processes  bj  machinery,  leaTing 
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of  Dartford,  upon  a  much  improyed  and  self-acting  principle  of  operation,  to  which 
Captain  HutchinBon  added  the  important  improvement  of  effecting  the  accurate 
turning  of  the  ordnance  by  means  of  the  machinery,  as  well  as  the  boring  of  the  guns, 
by  which  a  much  greater  degree  of  accuracy  of  metal  is  insured ;  also,  after  visiting  the 
fi)andrie8  abroad,  he  introduced  some  further  improyements  in  the  mode  of  turning  the 
trunnions,  and  in  the  construction  of  a  locomotive  crane,  by  which  a  considerable 
expense  was  saved. 

Previous  to  the  removal  to  India  of  this  beautiful  and  scientific  machinery,  executed 
with  the  greatest  accuracy  by  Messrs.  Hall  and  Sons,  Captain  Hutchinson  had  the 
honour  of  submitting  plans  of  its  principle  of  construction  to  the  then  Master-G^eneral 
of  the  Ordnance,  Lord  Beresford,  who  appointed  a  special  committee  of  Artillery 
Officers  to  examine  and  report  upon  it.  Captain  Hutchinson  met  the  committee  at 
Messrs.  Hall  and  Sons*  Foundry  at  Dartford,  and  exhibited  to  them  the  great  accuracy 
and  celerity  with  which  the  new  self-acting  machinery  executed  the  work,  and  especially 
the  great  importance  of  the  arrangement  by  which  the  slide-rest  (carrying  the  tumiog 
tool)  turned  with  mathematical  precision  the  outside  of  the  gun,  liable  to  be  so 
inaccurately  turned  by  hand.  This  principle,  though  differently  executed,  has  now 
been  introduced  into  the  new  machinery  erected  in  the  foundry  at  Woolwich. 
Plate  YII.     shews  the  general  plan  of  the  new  foundry  of  India,  erected  by  Captain 

Hutchinson,  near  Calcutta,  on  his  return  with  the  machinery  in  1829. 
Plate  VIU.  the  plan  of  the  self-acting  principle  of  the  lathes. 

Plate  IX.  shews  an  improved  mode  adopted  in  the  construction  of  the  reverberatory 
furnaces,  by  making  the  bottom  of  the  furnace  to  ascend,  instead  of 
descending  as  usual  from  the  fire-place  :  the  flame  being  also  thrown 
upon  the  metdl  more  in  the  manner  of  a  blow-pipe,  the  power  of  the 
furnace  was  greatly  increased,  half  the  usual  time  only  being  required 
to  smelt  the  charge  of  the  furnace. 
Plate  X.   Plan  of  a  large  syphon,  247  feet  in  length,  and  5  inches  interior  diameter, 
cast  and  fixed  by  Captain  Hutchinson,  for  the  supply  of  water  from  a  dis- 
tant tank  to  the  well  in  the  foundry  :  a  small  pipe  being  attached  to  the 
air-pump  of  the  steam  engine,  and  the  syphon  kept  under  water  by  a 
small  pipe  from  the  overflow  cistern,   it  was  always  found  to  work 
efficiently. 
Plate  XL    Section  of  the  iron  trussed  roof  erected  over  the  boring-hall,  nearly  1 70  feet 
in  length,  50  feet  span,  and  40  feet  in  height,  the  whole  of  which  was 
put  up  and  finished  without  any  scaffolding  from  below. 
Moulds.^-^e  mode  of  making  the  ordnance  moulds  in  India  is  in  loam  (a  pre- 
paration of  clay  and  cut  Toj^e).     A  model  or  pattern  of  the  gun  to  be  cast  being 
turned  in  wood  (due  alloM'ance  being  made  for  the  shrinkage  of  the  metal),  along 
with  the  proper  length  of  dead-head,  the  model  is  oiled  over  and  a  layer  of  loam 
spread  over  the  upper  half,  about  one  inch  thick,  in  which  are  embedded  half-circular 
pieces  of  hoop-iron,  placed  about  4  or  5  inches  apart :  when  dry,  another  layer  of 
loam  is  put  on  with  hoop -iron,  embedded  as  before,  together  with  longitudinal  bars 
about  ^  ths  of  an  inch  thick  and  one  inch  wide,  placed  2  or  3  inches  apart,  running 
the  whole  length  of  the  mould  :  when  dry  (the  iron  being  covered  with  loam),  the 
model  is  turned  over,  and  the  other  half  finished  in  the  same  manner :  when  the 
whole  is  perfectly  dry,  the  two  halves  are  separated,  and  the  wooden  model  removed. 
The  interior  of  the  mould  is  then  dressed  and  made  perfectly  smooth,  and  the  two 
halves  being  joined  together,  are  strongly  hooped  with  iron,  and  covered  with  another 
layer  of  loam,  which  completes  the  mould.     It  is  then  removed,  when  dry,  to  the 
casting-pit,  and  burnt  red-hot,  and  before  it  is  cool  the  metal  is  run  into  it. 
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The  Btnr  foondiy,  when  oompleted,  waa  found  opabla  of  eieenting  with  the  greattit 
Meaner  uij  description  of  macliuieTr  rtqnired,  u  well  u  ths  prepAntion  of  Un 
ordnanee ;  and  such  wm  the  efficiency  of  the  improTementi  Introdaced,  Uutt  Lieal.- 
Col.  Hntohinson  wna  ■ble  Terj  grmOj  to  reda««  the  coat  of  casting  and  tnnung  tha 
ordnance  for  India,  whilst  the  importsot  de^dentnm  of  perfect  mufoimi^  wm 
d  througiiaat  kll  the  Fresidenoias. 


ORDNANCE  DEPARTMENT.— This  bkm  •  distinct  branch  of  ihe  War 

Cepaitmeat  of  the  BritJsh  Empire,  originall;  inititnted  for  the  mpply  of  all  waxlike 
stores  used  in  the  KitbI  and  MilitBiy  Senicea.  Acoordiug  to  Hajdn'i  '  Cictionvj  of 
Datei,'  the  first  Uiuter  of  the  Ordnance  was  created  in  Hflni7  the  Bi^th'a  mga ; 
and  probsblj  the  Tower  of  London  was  the  original  d^pAt  of  arms  and  mililaij 
stores.  Ksse'a  '  List  of  Officers  of  the  BoTal  Aiiillai? '  )pTes  Kobert,  Barl  of  Basex, 
•s  the  AtM  Uaater-Oeneral,  in  1006. 

An  OtdDKnoe  Department  was  not  peenliar  la  this  eonntrj,  as  ths  QcreiTunent  of 
the  United  States  of  America  has  a  siinihu'  eitablishment,  fonning  a  part  of  its  War 
DepartmeDt,  for  the  supply  of  militnrj  stores. 

It  doe>  not  appear  that  the  Ordnance  Department  of  this  kingdom  became  eapeciaDj 
military  nntil  the  early  part  of  the  eighteenth  centniy,  after  the  organiaatian  of  ths 
Eoyal  Artillei7  in  1743,  onder  the  Duke  of  Hontagne  as  Haeter  Qener^I :  prcTiout 
to  this,  the  dntiea  were  confined  to  the  supply  of  cannon,  ammuuiUon,  nod  stores  to 
the  Navy  and  Army. 

From  tiiia  time  the  OrdnaQca  Department  was  administered  by  the  Uaster-Qaneial 
and  Board,  the  latter  being  composed  of  a 

Lieatenant-Oenerul  of  the  Ordnance, 

Surveyor-  General, 

Clerk  of  the  Ordnance, 

Principal  Storekeeper, 

Clerk  of  the  Deliveries,  and 

Treasnrer; 
the  Lieutennnt-Geneml  preiiiding  a 
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At  the  end  of  the  18th  century,  the  Sarvey  of  Great  Britain  waa  placed  under  the 
direction  of  the  Ordnance,  and  a  corps  of  Surveyors  and  Draughtsmen  formed,  to 
assist  in  this  operation  ;  so  that  at  the  dose  of  the  War  the  duties  of  the  Department 
had  been  increased  from  the  mere  provision,  custody,  and  supply  of  warlike  stores  to 
the  Sea  and  Land  Service,  to  the  construction  and  maintenance  of  fortifications, 
magazines,  storehouses,  and  military  buildings,  in  the  United  Kingdom  and  the  Colo- 
nies, the  entire  government  of  the  Royal  Regiment  of  Artillery,  the  Corps  of  Royal 
Bngineers  and  Sappers  and  Miners,  the  Survey  of  Great  Britain,  and  the  provision  of 
ordnance,  shot  and  shells,  &c.,  for  the  Service  of  the  East  India  Company. 

When  the  War  finally  terminated  in  1818,  by  the  withdrawal  of  the  army  of  occu- 
pation from  France,  and  the  Duke  of  Wellington  became  Master-General,  his  Grace's 
attention  was  directed  to  a  reduction  of  the  Ordnance  Department,  suited  to  the 
prospect  of  a  long  Peace,  and  the  consolidation  of  others  with  it,  which  led  to  the 
amalgamation  of  the  Barrack  Department  with  the  Ordnance,  the  extension  of  the 
Survey  to  Ireland,  and  the  transfer  of  the  store  branch  of  the  Commissariat  (in- 
cluding the  Quarter-Master-General*s  stores  of  camp  equipage  for  the  army  in  the 
field) ;  and  the  Board  of  Ordnance  was  reduced  to  the  following  establishment : 

The  Master-General,  tnth  a  Military  Secretary, 
I  The  Surveyor-Gfeneral,  \ 

With  a  Ciml  Secretary,  \  The  Clerk  of  the  Ordnance,  >  Forming  the  Board, 

\  The  Principal  Storekeeper,    ) 

dividing  the  duties  of  the  Personnel,  under  the  Master-General, 

,,  Materiel,  ^  „        Principal  Storekeeper, 


i« 


Finance,  ,,        Clerk  of  the  Ordnance, 

( Audit  of  Expenditure )  «  ^         , 

i      -  ,   ^         \  ,,       Surveyor-GeneraL 

(    of  money  and  stores,  )  ^ 


This  Board  is  now  entirely  abolished  as  a  separate  Department,  the  Military  Duties 
being  carried  on  by  the  Commander-in-Chief ;  and  the  various  civil  branches  by 
separate  officers  under  the  Secretary  of  State  for  War. 


OVEN,  FIELD.* — For  camps  or  temporary  purposes,  an  oven  may  be  constructed 
of  clay  formed  into  an  arch  over  a  rough  temporary  frame  or  *  centre '  of  boards,  and 
supported  on  a  strong  wooden  or  stone  pier,  so  that  the  hearth  may  be  about  8  feet 
above  the  ground,  for  convenience  in  putting  in  the  bread  ;  but  by  making  an  excava- 
tion in  front  for  the  same  purpose,  it  may  be  placed  on  the  level  of  the  ground. 

The  floor  or  hearth  should  be  formed  of  brick,  stone,  or  day  tampered  and  well 
nunmed. 

Sun-burnt  bricks  or  sods  cut  into  the  form  of  arch-stones  may  likewise  be  used  for 
the  upper  part  or  roof ;  and  if  iron  bars  can  be  obtained,  they  may  be  used  to  support 
it ;  also  logs  or  fascines  well  plastered  with  clay.  A  doorway  is  made  in  the  front 
wan,  and  also  an  opening  in  the  upper  part  of  the  farther  end,  for  the  smoke  to 
escape  by  during  the  heating,  both  of  which  must  be  perfectly  closed  during  the  baking, 
when  the  temperature  must  be  at  least  250"  Fahr.  at  the  beginning,  and  170°  at  the 
dose.  An  oven  should  not  be  made  to  contain  more  than  500  rations,  because  it 
takes  ten  minutes  to  place  that  number  in  it ;  and  more  than  ten  minutes*  difference 
of  baking  spoils  the  bread. 

*  Hy  Lieat.-Colonel  Bainbrigge,  R.E. 
VOL.  II.  P  P 
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For  tnrj  100  ntiooa  %  laptrGdn  of  hearth  of  SO  iqiwre  feet  U  rcqnind,  i 
hdght  iunds  ihoald  be  aboat  aghteeu  inchei , 

TnTelling  otodi  of  iroo  bare  •ometimei  btcm  med,  but  tht  adnnlags  of 
the  maaiu  of  baking  iima  almja  at  hand  ii  oonmdend  to  be  mora  than  o 
balanced  bj  (lieir  reqairing  a  great  number  of  honaa  for  (hur  Inniport. 

Kneading  tronghi  ire  nutde  bf  digging  benchea  in  ft  dr;  (pot,  2^  i«et  deep, 
baken  to  kneel  in  ;  and  paialld  to  them,  with  an  intarrat  of  a  foot,  mtaUer 
1  tiwt  deep,  for  the  doogfa,  having  their  aidsa  lerelled  with  planka,  which  al 
dried  bjr  fine  of  ehipa ;  and  the  doogh  nnat  be  nuronnded  with  drj 


Anolktr  if  ode. 

The  fc^wtng  method  U  adopted  at  Chatham,  and  \e  taken  from  obeerrationa  made 
by  Heat,  (now  H^or)  Bwart,  B.B.,  on  the  plaiu  adopted  in  the  Belgian  Army. 

A  leetangnlar  BpaM  C  feet  long  by  3  feet  S  inche*  wide,  ia  ezcarated  to  a  dapth  cf 
0  incbea  for  the  hearth  ;  it  ia  oarefolly  levelled  and  then  oorared  with  a  mixton  of 
clay  and  eow-dnng,  which  ia  aUo  applied  to  the  odei  and  enda.     M  the  propoaod 
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meo.     Ai  the  fint  ooat  of  dq  most  diy  before  patting  on  the  WMnd,  the  heftt  of  the 
■on  will  determine  Hu  nte  of  oompUtion. 
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The  oren  ahewn  in  the  aecompajiyiiig  Plate  reqmm  half  a  bushel  of  <»bIb  to  heat  it 
BoffideDtlj  for  all  the  ordinar;  parpoees  of  baking  for  the  soldiers'  menea.  The 
time  necenar;  for  this  pnrpoBe  is  three  hours.  It  ia  the  practice  to  throw  a,  smalt 
qnantit;  of  saw-doat  into  the  oren,  to  hasten  the  process  of  heating  i^  and  to  bum 
away  the  Email  quantity  of  soot  tliat  BCcnmQlates  on  the  top  of  the  OTcn.    (See  Plate.) 

The  anangement  of  the  fines  is  explained  by  the  dotted  Unea  :  that  marked  a, 
in  the  elersition,  is  the  main  flue,  into  which  b  is  conducted,  for  the  double  purpose  of 
ORBting  ft  draught  and  carrying  off  the  hot  air  and  ileam  when  drawing  from  the 
OTen.  (Kg.  2.) 

Prirate  Thomas  Cliff,  an  experienced  cook,  in  charge  of  the  otcu,  suggested  tbe 
■appreaaion  of  damper  b,  seldom,  if  ever,  used,  redndng  the  throat  of  that  flue  si  d 
(in  section)  to  about  2  inches  in  depth,  but  extending  the  whole  width  of  the  oven 
door.    (Pigs.  2  and  3.) 

He  also  suggested  a  floe  from  the  furnace  to  mn  into  the  main  flue,  with  a  damper 
at  C  (in  eleration)  ;  thus,  by  catting  off  the  fire  in  the  famace  from  the  orea  by  a 
loose  plate  (p),  and  by  opening  the  damper  at  C,  the  smolce,  lie.  would  ascend  by  that 
flue  ;  and  it  would  be  imnecesaarT  to  rake  out  the  fire  from  the  fomace  for  each 
baking,  sa  is  nov  the  case.     (Figs,  i  and  E.) 


Qriht's  Owa  t 


I  CooEinB  AniHiTna. 


It  would  not  be  right  to  close  this  article  without  referring  to  Captain  Qrwit'a 
Cooking  apparatus  both  for  Keld  and  Barrack  aerrice.  The  general  principle  of  the 
latter  will  be  understood  by  the  folluwiDg  descriptiou  of  the  apparatus  erected  in  one 
of  the  ODOk'hauaes  in  the  B.A.  Bonacha,  Woolwich.  The  firea  are  lighted  in  gratea 
at  each  end  and  the  flues  are  carried  nearly  hociiontally  towards  one  another,  tJll  they 
reach  the  chimney-Bhaft,  up  which  they  are  conveyed  side  by  tide,  till  they  arrive  at  a 
oouTenient  height,  when  they  meet  and  form  one  flae  to  the  lop.  In  the  abaft,  and  in 
contact  with  the  fines,  is  a  closet  about  7  feet  high  and  2  feet  6  inchea  wide  and  deep, 
lined  with  iron,  and  fitted  with  racks  for  baking,  a  pan  being  placed  at  tbe  bottom  to 
catch  the  dripping.  This  is  heated  by  the  flaes  in  contact  with  it,  and  if  there  is  too 
much  heat,  a  damper  at  the  top  of  the  oren  and  a  little  trap  at  the  boUom  of  the  door 
may  both  be  opened,  and  thereby  a  draught  of  cool  air  mads  to  pass  through  the  oven. 

•  Bj  Lieot.  [now  Captain)  Boa,  B.B. 
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There  ore  &lso  dampen  where  the  flues  meet  the  ihift  far  the  pnrpoae  of  ilinttiBg  off 
one  or  other  of  them,  if  onl;  ooe  range  of  kettles  is  requirad,  and  ULothar  ■<«.mp«i-  in 
the  msin  eluift  to  regalate  the  general  draught.  The  top  of  Um  flat  portion,  or  »tOT«^ 
ii  coTOred  with  iron  pl&tea,  in  vhieh  holes  are  made  to  allow  the  keltlea  to  imk  tar 
abont  4  inches.  The  heat  of  the  fire  ia  so  great  that  vhen  the  water  ia  not  otherwiM 
vanted,  it  may  be  made  to  give  oS  Bofficient  ateam  to  oook  T^atabka  Ice.,  in  four  sete 
of  Bteamers  one  above  the  other. 

Tbe  following  eitracta  are  giren  ham  the  report  of  the  CommittM  appoiDtad  at 
Woolirieli,  to  test  the  adTBCt^es  claimed  for  this  inTeDtion. 

"  The  capsbilitiea  of  the  apparaloa  are  equal  to  the  requirement!  of  1000  men,  and 
oQer  three  of  the  most  simple  modes  of  cooking ;  that  is  to  aaj,  the  oven  will  bkke 
meat  for  considerabl;  more  than  one-third  of  the  above  number;  a  portion  of  the 
kettles  will  slew  meat  and  potatoes  (nsnall;  called  ' '  Irish  fltew  ")  for  another  thild  ; 
and  the  remaining  kettles  will  boil  meat  and  soup  for  the  rest.  The  potatoes  an 
"steamed,"  a  mode  of  cooking  much  superior  to  boiling, 

"  In  additiim  to  the  foregoing,  frying  for  IDO  men  maj  be  earned  on,  and  meat 
puddings  or  suet  damplinga  for  ISO  men  can  be  boiled  in  the  kcttica  nnder  the 
potato  iteuners  ;  both  these  modes  of  cooking  are  naed  daily,  and  much  appreciated. 
These  facilities,  with  the  "  hot  plate"  furnished  b;  the  horiiontal  cast  iron  anrEaoe  of 
the  apparatns,  together  form  ver;  important  aoziliariei  both  in  mode  and  extent  to 
the  three  principal  modes  of  cooking. 

"  The  boiling  water  required  for  the  bre&kraet  and  Brening  ooflce  meaU  is  obtained 
with  great  facilit;. 

"  The  oven  is  capable  of  baking  meat  for  400  men,  and  bj  a  simple  eontriTanee  for 
allowing  a  canent  of  cool  air  to  pass  from  the  bottom  through  the  top,  the  meat  ia 
greatlj  preserved  from  the  peculiar  taste  usuoll;  given  b;  iron  ovens,  and  ha«  maoh 
the  flavonr  of  roasted  meat. 

"The  saving  to  the  soldierV  meases  in  the  sum  paid  for  baking  dajlj  tin-  400  men 
(33  rooms  of  12  men  each),  at  Sd.  per  rofm  (the  charge  made  bj  the  town  baker  at 
Woolwich),  amounts  to  21.  17>.  Od.  a  week,  or  IBOl  U.  id.  a  year,  a  large  bud 
pud  b;  the  Boldier  in  following  his  taste  for  a  baked  dish  in  lien  of  soup  and  boiled 
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The  cost  of  Baoh  an  apparatiiB  for  500  men,  but  ca|>able  of  oookmg  for  800,  is  about 
90i.» 

Apparatus  combining  the  abore  advantages  has  been  made  by  Oaptuin  Ghrant  in  a 
more  portable  form  for  trayelling,  enough  for  5000  men  having  been  lately  fitted  by  him 
to  six  artillery  waggons  for  the  Chinese  expedition.  He  has  also  arranged  another 
portable  cooking  apparatus,  which  may  be  used  to  carry  troops  across  a  river  before  or 
after  cooking  their  dinner.    The  mode  of  using  them  is  given  in  the  following. 

Inttructioni  for  the  Managemeni  of  Oranft  Pontoon  Cocking  Kettles, 

First  select  a  level  spot  of  ground,  then  cut  the  depth  of  the  trenches  equal  to  the 
diameter  of  the  kettles,  and  the  breadth  one  inch  less,  taking  care  to  enlarge  the  open- 
ings where  the  fires  are  placed  by  splaying  o£f  the  ground  outside  the  kettles,  at  the 
ends  of  the  trenches,  at  an  angle  of  about  45". 

The  kettles  may  be  worked  from  a  single  kettle  up  to  the  full  number  of  eight,  in 
the  form  of  a  cross,  and  bear  in  mind  that  the  cross  is  the  most  expeditious  and  the 
most  economical  way  of  managing  the  kettles  for  cooking  :  but  as  a  less  number  will 
frequently  be  required,  they  may  be  worked  in  single  lines,  taking  care  never  to  cut 
the  trenches  in  the  direction  of  the  wind,  for  although  it  may  improve  the  draught  of 
the  windward  fire,  it  will  iigure  the  draught  of  the  leeward  one.  Therefore,  as  a 
general  rule,  it  will  always  be  better  to  cut  the  trenches  at  right  angles  with  the 
wind,  and  when  the,  fall  number  of  kettles  are  used,  present  one  angle  of  the  cross 
to  windward. 

When  an  iron  chimney  is  not  provided,  a  turf  one  may  be  substituted,  about  two  or 
three  feet  high,  taking  care  to  keep  the  area  of  the  flue  equal  to  the  square  of  the 
trench.  Never  place  the  fuel  more  than  ten  or  twelve  inches  under  the  kettles 
except  in  wet  or  boisterous  weather,  and  the  exterior  diameter  of  the  kettles  should 
always  be  kept  on  a  level  with  the  ground  in  order  that  one  half  of  the  kettle  may 
drop  into  the  trench,  and  be  exposed  to  the  direct  action  of  the  fire. 

It  frequently  happens  that  sufficient  attention  is  not  paid  to  the  cutting  of  the 
trenches,  and  the  hurry  to  get  the  fires  lit  as  soon  as  possible,  is  often  the  cause  -of 
their  being  cut  in  an  irregular  and  slovenly  manner  ;  when  this  is  the  case  there  will 
always  be  a  difficulty  for  the  want  of  proper  draught  in  keeping  up  good  fires,  and 
consequently  a  great  delay  in  the  cooking. 

In  marking  out  the  line  of  trenches,  do  not  cut  them  the  fall  width  at  first,  for  a 
little  earth  from  the  edges  is  easily  removed,  to  bring  the  kettles  to  a  level  and  pro- 
per bearing.  But  if  they  are  cut  too  wide  the  kettles  will  drop  too  low  in  the 
trenches,  and  cause  much  trouble  to  rectify.  The  provision  for  steaming  and  frying, 
is  intended  to  be  carried  on  immediately  over  the  fires  at  the  ends  of  the  trenches,  and 
is  so  simple  that  it  requires  no  further  direction. 

N.B. — If  these  instructions  are  properly  carried  out,  all  the  fires  lit  at  the  same 

time,  and  well  regulated,  the  dinners  for  800  men  may  be  cooked  in  an  hour  and  half^ 

when  the  full  complement  of  kettles  is  used  in  the  form  of  a  cross. 

C.  R.  B. 

PAH.  f — The  strength  of  the  Pahs  of  New  Zealand  consists  principally  in  the 
choice  of  position. 

They  are  generally  situated  on  peninsular  points,  with  three  sides  inaccessible, 

*  The  ironwork  is  manufactured  by  Mr.  Kennard,  07,  Upper  Thames  Street,  and  Mr.  Spillar, 
14,  York  Street,  Blackfriara  Road— where  patterns  may  be  seen. 
t  By  the  late  Captain  Bennett,  R.E. 
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being  tt«eplT  nxrped  tomrdi  tht  tea,  nnudly  from  EO  to  60  foet  la  hrigbt,  taA  paH* 
Baded  at  top  ;  the  deptii  of  «>t«r  rauad  them  a  Boch  u  to  prerent  107  tesmI  Iu(W 
tbu  thOM  of  6  or  8  toiu  bonlen  i4>proMhiDg  tliem  wiUim  tLe  nsge  of  £eld  gima. 
The  atttok  of  thne  kAm,  eioept  bj  nupriBe,  ii  tlierefora  impnctdeaUa  ;  and  tha 
fbnrth  uda  i*  klwaya  ent  off  by  a  daap  ditch  hanng  Bt«ep  soups  &om  20  to  SO  feat  in 
height^  uid  oonnteiMsriia  frotn  A  to  16  fe«t.  Tbe  natni«  of  tha  (oil,  bung  genenUlj 
a  stiff  oUt  or  aoTt  nnditone,  rataina  tha  alopa  of  60  degrees. 

The  terrepleiii,  from  20  to  30  feet  broad,  haa  a  atioag  paliaada  in  front,  ■■  duwii 
in  Plate  II.,  or  upon  the  parapat  and  banqaetta,  aa  in  Plate  I.,  Gg.  3  ;  and  tlio  wliole 
of  Uie  intaiior  of  the  pah  ia  iutaraected  in  eTeij  direotion  bj  fenoea :  Iha  ditchaa  ara 
freqnentlf  flanked  \>y  a  itrong  paliwde.  In  addition  to  the  principal  pah,  thtn  ia 
alw)  frequently  an  onter  vork  with  a  low  ditch  paliiaded  in  front,  and  oomnnuided  ly 
the  main  work  (Plate  lit.,  fig>.  6  and  10) ;  and  ahoold  one  part  of  tha  pah  be  am- 
■idertd  weaker  than  another,  it  is  atrengthened  by  a  doable  paliiade  3  feet  wide 
(Gg.  9),  with  embraaurea.and  atraDchto  afford  oover.  Fahi  are  sometimca  aOrngth- 
eued  I);  three  rows  of  paliladea,  aa  ahevn  in  lection,  fig.  13,  Plata  IT. 

The  palisades  (hemselves  oonaiat  of  Uirge  trees  abont  one  foot  in  diameter,  nragfaly 
hewn ;  tbey  are  from  12  l<i  20  feet  in  height,  radelj  ornamented  at  top  :  betveaa 
these,  long  stakes  from  8  to  10  feet  high,  and  IJ  inch  in  diameto-,  and  tangvat  to 
eaoh  other,  are  strongly  bonnd  together,  as  in  figa.  6,  7,  and  S,  and  aometimea  rongh 
three-aided  atakea,  aboat  0  inches  in  diameter,  are  used. 

Should  (he  pah  not  he  sitnated  on  a  pcnineola,  its  front  ooD^sts  of  one  ateep  ladt 
tow&rdg  the  sea,  with  gGoerally  a  deep  and  wide  gnlly  on  each  flank,  and  the  goige  ia 
protected  by  a  deep  ditch,  as  before  described. 

The  seotioDS  of  the  Pahs  of  Uotoa,  Tapb,  Otnmsjti,  and  Tuuntn,  will  be  soEideiit 
to  ezempliiy  the  uanal  defence!,  but  the  natirea  of  New  Zealand  arinee  eouaderabi* 
military  knowledge. 

The  nnmbcT  of  mmi  the  paha  could  contain  variea  from  SOO  to  800,  and  they  eon- 
tain  a  Urge  supply  of  provisions  in  boles  excavated  for  the  puipooe :  the  men  ara  well 
armed  with  mnaketa,  and  well  supplied  with  ammunition,  and  th«y  nae  the  tomabawk 
for  ctoae  qnaitcr*. 

The  ehoioe  of  poaition  ralalea  to  that  arm  agunst  which  they  have  hitherto  had  to 
coDtend,  vii.  the  musket :  and  as  they  are  generally  oommanded  at  pointa  from  200 
o  fii.'O  vania  dJEtant.  they  are  UKO  to  destvui'tJou  fium  Htbl  shuU 
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FALANQUES.  6S9 


PALANQUJJiS.— According  to  Bonsmard,  Falanqnes  were  small  intrenched 
campt,  used  by  the  Turks  in  their  irmptions  into  Europe,  to  secure  their  conquests, 
and  as  strongholds  for  their  families  and  plunder,  and  were  capable  of  containiujip  a 
garrison  of  from  700  to  4000  men. 

The  construction  of  these  forts  or  fortified  posts  was  generally  of  timber,  of  a  rude 
nature^  similar  to  the  pah  of  the  New  Zealanders.* 


*  '*  Let  byppM  Mot  des  enceintes  de  trones  d*arbret  jointifi,  pUnt^i  avec  quelque  iocUuaiton  vera 
rintMenr  de  Pespace  renferm^ ;  en  aorte  que  let  d^fenteura  placet  tur  des  plateformet,  ou  tcha- 
fiittda  61^Tte  int^rieorement,  de  dUtanee  en  diatance,  et  surtout  aux  anglet  de  I'enceinte,  d^couyr- 
•nt  parfaitement  k  rezt^rienr  le  pied  de  cet  trones  d'arbres.*  *—£««ai  Giniral  dt»  Fortijleatums. 
Ditcourt  DriliwuKaire. 
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